METALLURGIA 


THE BRITISH JOURNAL OF METALS. 








JUNE, 1933. Vou. VIIL., No. 44. 


X-Rays in the Metal Industries 


By R. A. Stephen, M.Sc. 


Examination of work by X-rays promises to be one of the most important 

testing methods. In this article its scope in industry is briefly discussed, and 

some apparatus described which has been developed to meet the stringent 
working conditions. 


ately after the discovery of X-rays many of 
the earliest workers anticipated their possi- 

bilities in the industrial field. 

Whilst it is true that the industrial applica- 
tions of X-rays have lagged greatly behind the 
medical, this was due to certain factors which 
militated against their commercial application. 
The low capacity and erratic operation of the older 
type of X-ray plant were, among other things, 
two of the factors which led to this position. 

As a result of the extensive use of X-rays in 
medicine, within the past few years important 
developments (particularly in performance of 
X-ray tubes and high-tension apparatus) have, 
however, taken place. Nowadays X-ray plant is 
so safe, simple, and compact that X-ray test and 
inspection in industry now enters its rightful 
sphere. As an actual accomplishment, one can 
now view the extensive use of X-rays by engineers, 
chemists, and metallurgists as a matter of routine. 
On the test and ha seme sides in foundries, Medium size X-ray plant by Phillips for the X-ray examination of steel up 
shipyards and boiler works—in the latter two : to 3” in thickness, and aluminium up to 4” in thickness. 
especially—X-rays have indeed achieved some ; 
prominence. Ina number of instances their use in accept- In the first case, for constructions which have to be light 
ance tests is actually specified by responsible authorities. and strong, the use of X-ray examination is of paramount 

Briefly, the applications of X-rays to engineering can be importance. 
divided into two distinct fields : Some of the most interesting applications in this con- 


T- is a significant fact that almost immedi- 


Fic. 3a—Shows radiographs Fic. 38—Illustrates the X- 
of welded aluminium test ray pictures after the test 


“ Metalix”’ X-ray plant suitable for the examination of pieces, indicating small de- pieces have been subjected 
aluminium about 23” in thickness. fects, tested prior to pulling. to tension. 


1. Detection of gas and other inclusions and cracks, etc., nection occur in the aeroplane industry. With the develop- 
in castings, forgings, and welds. ment of the high-power engines and the high power to 

2. Investigation of crystal structure, effects of heat and weight ratios required, special light alloys have come into 
mechanical treatment, alloy phase systems. use, 
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Fic. 4. 
Illustrates shockproof plant, with which up to 4” of steel can be examined. 


it is fairly easy and cheap to examine aluminium alloys 
by X-rays, and there is every reason for use of this method 
as an extra precaution, for human life depends so much on 
the high performance of the materials. Plant such as that 
shown in Figs. 1 and 2 is quite suitable for this purpose, 
since aluminium offers low resistance to passage of X-rays. 

Figs. 3a and 3b illustrate some radiographs of welded 
aluminium test-pieces, which show quite clearly the 
influence of small defects under tension. 

In the first series the X-ray pictures, taken with “ soft * 
radiation, show the small inclusions, prior to pulling. The 
development of cracks from the defects already present 
when tension is applied can readily be detected. 

For steel constructions, such as high-pressure valves, 
castings, welded vessels, and forgings up to about 4 in. 
in thickness, plant similar to that shown in Fig. 4 is 
necessary. 

The value of the method in the foundry is especially 
apparent where castings of new design are under construc- 
tion. The use of X-rays at the appropriate moment may 
save considerable time, trouble, and expense. When 
soundness is essential—that is, with high-grade castings, 
where failure in service will give rise to considerable expense, 
it is generally a commercial proposition to carry out an 
X-ray examination. 

Dr. G. L. Clark reports an interesting application—that 
of the high-pressure steam installation in the Edgar Power 
Plant of the Boston Edison Co., at Weymouth, Mass. The 
pipe and fittings for the steam lines, together with parts 
of the steam turbine, were X-rayed—many rejections from 
the X-ray evidence were made before final acceptance. 
Not a single failure, it is reported, has occurred since 
installation, despite the stringent working conditions. 

With the development of shockproof and easily operated 
X-ray plant, one would normally expect chemists and 
metallurgists to make considerable use of the methods of 
X-ray crystal analysis. Indeed, at the moment, perusal 
of scientific abstracts reveals many interesting problems 
which have been attacked and solved by their aid. 

The voluminous achievements to the credit of X-ray 
erystal analysis have attracted the considerable attention 
of works’ personnel. In the near future all works of 


importance will have included apparatus for this purpose 
in their laboratories—the information yielded by X-ray 
crystal analysis, supplementary to metallurgical data, 
will undoubtedly clear up many difficulties, the solution 
of which has hitherto evaded investigation. 





JUNE, 1933. 





011/; 


Fic. 5. 


* Metalix-Mikro” X-ray shcck- 
proef plant for X-ray crystal 
analysis. 


The original anticipations of early workers were con- 
cerned mainly with the straightforward application of 
X-rays—i.e., radiometallography. The development of 
the science of, X-ray crystal analysis has even more 
important practical applications. Radiometallography and 
X-ray crystal analysis bid fair to become indispensable 
tools to the metal industries. 


Society of Chemical Industry Award of 
Medal. 


Professor William A. Bone, D.Se., Ph.D., F.R.S., of the 
Imperial College of Science and Technology, South Kensington, 
has been awarded the medal of the Society of Chemical 
Industry in recognition of his researches into the mechanism 
of combustion. This medal, which was instituted in 1896, is 
awarded periodically for conspicuous service rendered to 
applied chemistry by research, discovery, invention or improve- 
ments in processes. 

Professor Bone has had a distinguished scientific career. 
He graduated from Owens College, Manchester, in 1891, and, 
subsequently, studied under the late Professor Victor Meyer, 
at the University of Heidelberg. In 1896 he was appointed 
Head of the Chemical Department at the Battersea Polytechnic, 
London. It was in 1898, when lecturer in Chemistry and Metal- 
lurgy at Owens College, Manchester, that he started systematic 
research on the combustion of hydrocarbons and the influence 
of hot surfaces in promoting gaseous combustion, for which 
research he was elected a fellow of the Royal Society in 1905. 
The following year he went to Leeds University to organise 
and direct what was the first University Fuel Department in 
this country. Here he carried out research chiefly upon 
gaseous explosions at high pressure and incandescent combus- 
tion. In 1911 he visited America to expound his discoveries, 
for which the Franklin Institute of Philadelphia afterwards 
awarded him its ‘‘ Howard Potts Gold Medal.” 





Shear Blades give Record Service. 

What is believed to be a record for one grind of a pair of 
shear blades has been accomplished in the works of the 
Davenport Locomotive and Manufacturing Corporation, of 
Davenport, Iowa. These have been in continuous service 
since the year 1929, cutting all S.A.E. steel on a 3-in. capacity 
shear. To date they have cut over 2,000 tons of steel without 
being reground. The materials cut with the blades varied 
from S8.A.E. 1025 to 1030 (0-25/0-30 carbon steels), and also 
included some of the S.A.E. 3135 (nickel-chrome steel) and 
2335 (nickel steel) steels. The majority of the cuts were 
approximately 8 in., but they varied. It is of interest to note 
that these blades were made from Edgar Allen ‘‘ Double 
Seven ” shear-blade steel. 
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Some Metallurgical Aspects of 
Stainless Steel Welding 


By  < Rollason, M.Sc. 


(Lecturer in Metallurgy, County Technical College, Wednesbury). 


The rapid development in the application of welding is causing fabricators to adapt the 


process to products from materials not previousl 


used. n this article the author 


discusses its application to stainless steel, but since this term is given to a large number 
of commercial steels, each having special properties, the effects of the constituents of the 
steel on welding are considered. 


alloys in fabricated products for dairy equipment, 

for culinary ware, and for the chemical industry, 
is giving rise to a lively interest in the welding of these 
materials. Consequently, fabricators throughout the 
country are being asked to adapt welding to articles made 
from materials not previously used. Instead of finding a 
single alloy covered by the term “ stainless steel,” the 
prospective user is immediately confused by the large 
number of commercial steels available, each having special 
properties and inherent defects. 


Tou increasing use of corrosion-resisting steels and 


Composition. 


Stainless steel owes its property of high resistance to 
corrosion to the presence of chromium. Brearley was the 
first to discover this fact in 1913, although Krupps in 
Germany simultaneously developed two series of steels, 
one containing chromium 7-40%, and the other with the 
addition of 0-5-20°, nickel, which they considered essential. 
Later, an interchange of patents occurred between the 
British and German firms. With the development of the 
commercial products, the sharp distinction between the 
two groups has become blurred, and to-day the simplest 
steels contain chromium, while the more complicated may 
contain up to six elements in addition to the usual 
impurities. 

Welding. 

Welding for the chemical industry involves a con- 
sideration of the following factors :— 

(1) Actual Operation, or the joining of two pieces of 
steel together with a third piece of the same chemical 
analysis. The high state of perfection of modern welding 
processes has rendered this a comparatively simple opera- 
tion, so long as high quality electrodes and welding plant 
capable of fine adjustment are used. However, the easily 
made weld is frequently the poorest joint when the other 
factors are considered. This is typified by welds made 
with a reducing oxy-acetylene flame. 

(2) Mechanical properties.—As in the case of mild-steel 
welding, the joint should be homogeneous, and should have 
the desired tensile strength, ductility, ete. In addition, 
however, stainless welds should be smooth, since this 
becomes very important where a vessel must be readily 
cleaned when the spent liquid is removed. 

(3) Resistance to Corrosive Acids and Gases.—The intro- 
duction of molten metal between two steel plates pro- 
duces many metallurgical and physical problems when the 
vessel is subjected to corrosive action. These problems 
are associated both with the weld metal and with the 
metal in the plates adjacent to the weld. Since a par- 
ticular composition of material has been chosen for a 
vessel on account of its suitability for resisting the corrosive 
conditions, it is logical to assume that the metal in the 
weld should be the same. Modern theories of corrosion 
indicate that this requirement is of paramount importance 
for optimium resistance. 

Two different types of corrosion affecting metals immersed 
in liquids are recognised :— 





1. That which occurs in acids with the production of 

hydrogen ; and 

2. That which involves the presence of oxygen. 

An example of the first type is seen when two dissimilar 
metals, such as copper and zinc, are immersed in solution 
of dilute acid. On making a metallic connection between 
the two electrodes, an E.M.F. is produced, and a current 
of electricity will pass through the short-circuited cell. In 
accordance with the well-known laws of electrolysis, one 
of the metals (the less noble) will dissolve in the acid, and 
hydrogen forms on the other metal. As the amount of 
hydrogen on this anode increases the rate of solution of the 
zinc decreases, and corrosion may cease completely. On 
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Fig. 1.—Diagram shows how the two main types of corrosion occur 
in welded articles subjected to corrosive solutions. 
Licutty EtcHep 1x 10% HCl x 1,000 dia. 


the other hand, conditions may be such that the hydrogen 
gas rises from the metal in the form of bubbles, and 
corrosion will occur continuously. Now a short-circuited 
cell can be realised when a weld is of a different composition 
to the surrounding plates, the acid in the tank acting as an 
electrolyte, with the consequent solution of either the 
weld or the plate (see Fig. la). 

The second type of corrosion explains why the weld 
should be free from cracks, especially when one electrode 
is finished and a new one started. In this respect “ tailing- 
off ’’ is helpful. 

Evans has shown that when a plate is immersed in salt 
water for some time, corrosion occurs most readily at the 








38 METALLURGIA 


bottom of the plate farthermost from the surface. This 
is explained by the fact that the amount of oxygen (from 
the air) dissolved in the water varies from a maximum 
at the top to a minimum at the bottom, and this variation 
in oxygen concentration is sufficient to promote corrosion. 
This state of affairs is readily realised when a crack occurs 
in a weld (see Fig. 1b). At the bottom of the crack we 
have less oxygen dissolved in the water than at the surface, 
with consequent solution of the metal from the bottom 
of the crack. Further, the products of corrosion (rust), 
are not produced at the seat of the corrosion, and therefore 
do not prevent further attack. 


Characteristics Due to Chromium. 

Effects of Oxygen.—Chromium has a great affinity for 
oxygen, and the oxide films formed on it are continuous 
and adherent. From a rust-resisting point of view, this 
property is of fundamental importance. Attack commences 
very rapidly, but the oxide film which is formed imme- 
diately on the surface protects effectively the underlying 
metal. Unfortunately, this characteristic adds difficulties 
when welding is undertaken. Although descaled plates are 
employed, the oxide film which forms when one run is 
made, makes it difficult to apply a second run on the back, 
unless the film is removed by washing with the descaling 
mixture, or by abrasion. Naturally, a good flux is par- 
ticularly useful, since both iron oxide and the refractory 
chromic oxide have to be attacked. The flux should be 
painted on sheets under 16 S.W.G., which are most suitably 
welded by oxy-acetylene. 

Lack of sufficient acetylene gives an oxidising flame, 
and produces a weld with a rough surface, together with 
brittleness and porosity. (This may be seen in Fig. 2.) 
Pear-shaped cavities are frequently produced by the 
interaction of carbon in the steel and oxide particles 
which sink into the molten metal. It should also be 
remembered that the oxygen in the air attacks the 
chromium as an electrode is melted down. The amount 
lost depends largely on the skill of the welder, and may 
exceed 3°, if either a long are and wide run is employed 
in electric-are welding, or a fierce oxidising flame in gas 
welding. The entire absence of oxidation is realised in the 
atomic hydrogen process, although a slight decarburisation 
occurs, which, however, may be an advantage for most 
purposes for which these steels are welded. 

Carbon.—The effect of carburising atmospheres on the 
steels is important. Chromium readily combines with 
carbon to form chromium carbide Cr,C, associated with 
iron carbide Fe,C, in which form the alloy does not develop 
its full corrosion resistance. (Fig. 3 shows appearance of 

Fig. 2.—Acetylene weld in 18 8 Staypbrite. Fig. 3. 
Dark constituent indicates oxidised metal. 


Etcuep 1s HCl 500 dia. 
drites. 


Effect of carbon. 
presence of chromium-rich carbides in the 
form of eutectic round the austenite den- 
ErcHep tn 10°, HCl 
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these carbides in material cooled from the liquid state.) An 
excess acetylene gives carburised welds which are white, 
flat, and easy to make, but are unsatisfactory as regards 
corrosion resistance and mechanical properties. This 
difficulty, and the previous one, may be overcome by using 
a neutral flame, which, however, is difficult to observe, and 
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Fig. 4. -Diagrammatic representation of the effects of welding stainless 
steel, 
Erenep «x HCl FeCl 60 dia. 
it is usual to weld with the smallest amount of excess 
acetylene, as shown by a fringe of white flame round the 
blue cone. 
Expansion.—The mean coefficients of expansion 
20-600° C.) for several alloys are shown in table :— 


Fig. 5.-_-High-chrome iron. Structure at 

weld (oxy-acetylene) showing coarse grains 

which are formed, with associated brittleness 
as indicated by crack. 69 dia. 
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Fig. 6.—-High-chrome iron. Same Fig. 7.—Double-run arc-weld in 18/8 Staybrite. Fig. 8.—Resistance butt weld in 18/8. Note 
Note good penetration and tempering effect of _fine structure of weld metal due to combined 
second run. Original plate is stained. Etcuep effects of temperature and deformation in 
plate and slightly enlarged grains. ix 10°, HCl Evectrricatty 60 dia. pressing the ends together. Grain growth is 
small, Time of welding 15 secs, 


specimen as in Fig. 5, but in 
from weld. Shows original structure of 


MEAN COEFFICIENT OF EXPaNston (20-600° C.) 


ik Sir dae al Co ies to ae la xe an male 0- 0000147 
ee PRE oc ance rvecsevuvess 0- 0000143 
Rr a re ee 0- 0000125 
Stainless steel (hardened) ............. 0- 0000112 

ms a a Beer rere 0-0000121 
High chromium, 00-18% .............. 0- 0000121 
PA SN ck os waa oh wae ach dare ane 0- 0000200 
SE vice Cis dinneecdsnrnds soko aN 0- 0000187 


It will be noticed that straight chromium stainless steel 
and stainless iron expand at a slightly slower rate than 
mild steel. The high-chrome irons are similar. The more 
complex chrome-nickel alloys, however, have a much 
greater coefficient of expansion than mild steel, approxi- 
mating to that of copper. Since much of the welding of 
stainless steels is carried out in the austenitic alloy, the 
great contraction on cooling may give rise to stresses great 
enough to fracture the joint during a second welding on 
the back of the plates. Tacking should never be resorted 
to for the same reason. One way of obviating contraction 
stresses is to allow the plate edges to diverge at the rate 
of # in. per foot run from the commencement of weld. 
Having discussed general details, it may be useful to classify 
the various types of stainless steels, and discuss their 
inherent characteristics. 

Martensitic Steels. 

The steels in this group are magnetic, and are more or 
less amenable to heat-treatment. 

(1) Chrome Steel—Chromium 5-7°%,: carbon below 
0-3%. This alloy is not truly stainless, but is being 
develc ped for those applications where the higher-priced 
alloys are out of the question, or where the corrosive 
conditions are in- 
sufficient to war- 


rant the use of Fig. %.—-Butt welded 18/8 chain. Same 


f 


the true stainless as Fig. 8. 


steels and yet pre- 
clude the use of ™& a we 
ordinary steels. In i 

welding, these 
steels are similar 
to plain _ steels, 
except for a heav- 
ier coating of in- 
fluxible sleg. 

(2) Cutlery 
Steel.—Chromium, 
12-14% ; carbon, 
0.25-0.35%, aecor- 
ding to the mech- 
anical properties e 
required, It is the 











cheapest type of true stainless steel, but has the lowest 
resistance to general corrosion. This resistance is in- 
fluenced very materially by the condition of the surface 
and the heat-treatment, being a maximum when hardened 
(frcm 900-950° C.) and polished. Since these steels can 
be hardened to give up to 100 tons per sq. in. maximum 
stress, and can be tempered to give 20% elongation 
(on 2 in.) they find many applications, such as in cutlery, 
valves, etc. Usually they are unsatisfactory when used in 
wet contact with non-ferrous metals or packing. This 
alloy is rarely welded, and, in any case, requires annealing 
immediately after the operation by a following soft touch. 

(3) Stainless Iron.—Chromium, 12-14%: carbon below 
0-15%. This alloy is softer and more costly than the 
cutlery variety, and for welding is usually employed in the 
annealed and descaled state, the resistance to corrosion 
being quite good, although full hardening gives superior 
results. It has been pointed out by Monypenny* and 
more recently by Merrit, that tempering at about 450° C. 
from the as-quenched or as-rolled condition produces 
marked susceptibility to corrosion and weakness in impact. 
his is associated with the breakdown of the chrome- 
martensite to chrome-troostite. The introduction of 
molten metal between the two plates produces hardening 
and tempering effects. The weld metal becomes chilled, 


* H. G. Monypenny, “ Stainless Iron and Steel. Chapman and Hall. 
+. G. Merrit, Am. Inst. Min. and Met. Eng., preprint, February, 1932. 


Fig. 10. -Diagrammatic representation of the effects of tempering the 
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Fig. 11.—Intergranular cracks in defective Fig. 12. 


18/8 steel. Heated for 2mins. at 650 
C. and subjected to corrosion. 
ErcuHep 1x HCl 60 dia. 


while the adjacent metal on either side is subjected to 
temperatures which vary with the distance from the weld. 
Naturally, the structure varies with the heat-gradient, 
as shown in Fig. 4a. However, the production of sound 
welds does not present any difficulty. 

(4) High Chromium Rustless Trons.—These steels have 
low carbon, with the chromium content raised to 16-20%, 
which gives greater resistance to corrosion than the lower 
chrome alloys, and are used for pump spindles, sheets, 
welded casehardening boxes, tubes, ete. The high 
chromium, however, renders the steels incapable of being 
hardened or refined by heat-treatment. In welding the 
edges of the plates are overheated, and consequently cause 
grain-growth, with its associated low resistance to shock. 
This is shown in Fig. 4 (6), 5 and 6. This inherent brittle- 
ness is removed without detrimental effect on the corrosion 
resistance by the addition of 2% nickel—eg., Brown 
Bayley’s ‘‘ two score.” 


Austenitic Steels. 


(5) Plain Chromium-nickel Austenitic Steels —Chromium, 
20-15% ; nickel, 6-11%, ; carbon under 0-15% ; typified 
by the commercial products Anka, Staybrite, Krupps 
V. 2a, Maxilvry Nirosta K.A.2., Allegheny Metal. They 
possess adequate resistance to a wide range of chemicals 
even when the surface is not polished. Being in the 
austenitic condition (non-magnetic), these steels cannot be 
hardened by any form of heat-treatment : in fact, quench- 
ing from 1,000° C. merely softens them, and this treatment 
is used to obtain these steels in the best condition to resist 
corrosion. Good welds can be readily made in these steels. 
Fig. 7 shows an electric are weld in Staybrite, while Figs. 
8 and 9 show examples of resistance-welded stainless chain. 
Fig. 9 (a) indicates how the metal runs away from joint 
if the current is not cut off, and the ends pushed together 
at the right moment. Best results, Fig. 9 (6), were obtained 
by using an automatic machine in which the current was 
cut off as soon as the ends reached a bright red heat. 
Fig. 9 (c) shows a } in. diameter link which required 4-2 
tons to break it, and although it broke in the weld, the 
unwelded side was beginning to crack. When mild steel is 
butt-welded to austenitic steel, a greater length of ordinary 
steel should be allowed between the electrodes to counter- 
balance the greater electrical resistance of the stainless 
steel. 

Their freedom from air-hardening effects and _ their 
retention of great ductility and toughness even when made 
coarse grained, make them appear ideal for welding without 


METALLURGIA 


i) 
If 


Are weld in ** Weldanka.” 
good joint, and Ferrite and Austenite in 
laminated form in plate. 

Ercnep 1x HCl 





JUNE, 1933. 


subsequent heat-treatment. Unfor- 
‘tunately, they are subject to a 
defect which has been termed “ weld 
decay,” although the trouble arises 
in applications other than in weld- 
ing. When these steels are heated 
in the range 600-750° C. and then 
placed in corrosive media, it is found 
that rapid attack occurs round the 
grain boundaries, although the 
grains themselves are fully resis- 
tant (in unworked material). At 
some distance from a weld there is 
bound to occur a narrow band of 
metal which is subjected to this 
critical temperature range, and it 
is this band which corrodes under 
suitable conditions (see Fig. 4 (¢)). 
The cause of the defect is due to 
the precipitation of carbides rich in 
chromium at the grain boundaries, 
with the consequent production of 
local impoverished areas which are 
attacked, as indicated in Fig. 10. 
A test for “ weld decay ”’ is called 
for by the Air Ministry in their speci- 
fication, and is as follows :-— 

The bend test-pieces as specified shall be immersed 
for 72 hours in a boiling solution having the following 
composition: lll gms. copper sulphate, 98 gms. 
sulphuric acid (made up to | litre). Precautions should 
be taken during the boiling to prevent concentration, 
due to eVaporation.” 

After treatment the test-piece should withstand being 
bent without showing any cracks on the surface. Fig. 11 
shows typical intergranular cracks in material subjected 
to the above test after heating for 2 mins. at 650°C. 

This intergranular weakness can be removed by subse- 
quently heating the whole article to 1,000° C., followed by 
rapid cooling. However, this is usually inconvenient or 
impracticable, and the problem has been tackled from two 
different aspects. Certain Swedish firms have attempted to 
reduce the carbon content below 0-08% by the use of 
low carbon ferro-chrome. The other method consists 
of adding small quantities of other elements to render the 
steel more stable or to obtain other characteristics. Hence 
we have the last group of steels. 

(6) Complex Austenitic Steels, which may be divided into 
three groups— 

(a) Steels with higher chromium (25/30%), mainly used 

for heat-resisting purposes. 

(6) Steels with high nickel (20/40%), which are both 

strong at and resistant to attack at high tem- 


Note 


1,000 dia. 


peratures. 
(6) Parent 18/8 alloy has additions of molybdenum 
(4% approx.), copper (2%), tungsten (1%), 


titanium (1%), vanadium (0-6%), silicon (1-5%). 

Some of these steels have enhanced resistance to certain 
corrosive media—e.g., molybdenum increases the resistance 
of the steel to dilute sulphuric and sulphurous acid at high 
temperatures. Copper is useful when handling ammonium 
chloride. The recently introduced alloy 13% Cr, 13% Ni, 
is characterised by its lower rate of work-hardening and 
by its ability to soften at temperatures as low as 750°C. 
While other steels are mainly useful in overcoming “ weld 
decay.” The approximate analyses of two commercial 
varieties very successful in this respect are as follows :— 


Brown Bayley’s Firth’s 
Weldanka. F.D.P. 
% % 
ND nS ek eeeenad haan 21 18 
Ska she threcee ou bleas kanah 10 - 8 
RE ie date bowen s ane e aw een 0-10-0-15 3 .. 0-10-0-15 
REE 246k kwea sawote twee wahenels 1-5 i 0-05 
BE caneccint saeascdbeweeeen 0-03 0-03 
NIN. i Sates dane eins’ thei 0-03 0-03 
EE a<GuGavkapecabuaswaes . ats 0-6 
MEE 6 tut the wleennbe keceeas . ws 0-5 


(Continued on page 60.) 



























Jung, 1933. 





METALLURGIA 














METALLURGIA 


The British Journal of Metals 


* The source of all matter extracted from this Journal 


must be duly acknowledged ; 


it is copyright. * 


Contributions suitable for the editorial pages are invited. Photographs 
and drawings suitable for reproduction are welcome. Contributions 
are paid for at the usual rates. 











PRINCIPAL CONTENTS IN THIS ISSUE 


X-rays in the Metal Industries. By R. A. 
Stephe n, M.Se. 
Examination of work by X- rays promises 
to be one of the most important testing 
methods. In this article its scope in in- 
dustry is briefly discussed, and some 
apparatus described which has _ been 
developed to meet the stringent working 
conditions. 


Some Metallurgical Aspects of Stainless 

Steel Welding. By E. C. Rollason, 
M.Sc. 
The rapid developme ne | in the ‘application 
of welding is causing fabricators to adapt 
the process to products from materials not 
previously used. In this article the author 
discusses its application to stainless steel ; 
the effects of the constituents of the steel on 
welding are also considered. 

The World Conference 
A brighter outlook. 


Testing by X-rays . 
Iron and Steel Production De welopmente 


Correspondence 
Bismuth in copper and brace. 

The Estimation of Small Proportions of 
Bismuth in Copper (up to 0.20%) 

Rotary Piercing and Extrusion for Tube 
Manufacture. By Gilbert Evans .. 
The advantages and disadvantages of 
rotary piercing and extrusion are discussed, 
more particularly with regard to non-ferrous 
tube manufacture. Many of the points 
raised are debatable, the solution of which 
depends upon the prevailing conditions. 

Cylinder Wear .. 

A Report on investigations undertaken by 
the Department of Scientific Research and 
the Research and Standardisation Com- 
mittee of the Institution of Automobile 
Engineers to determine the cause of 
cylinder wear. 

Blast Furnace Tuyeres .. ° 
Failures in blast furnace tuyeres are a 
frequent cause of trouble. Experiments 
with aluminium tuyeres have given results 
which provide a possible solution. 


Page 
35-36 
37-40 
42 

43 

43 

44 

Ad 
45-47 
48 
51-52 


Recent Developments in Casehardening 
Practice a aa oe 
Modifications of the cyanide process of 
casehardening are discussed and successful 
applications described. Special reference 
is made to the application of the process for 
abnormal steels. 

Modern Pipe Lines 

Foundrymen Meet at Cardiff 

Repairs to Steel Furnaces. 
Lister 
The service from steel furnaces depends o on 
their treatment, but the method of carry- 
ing out necessary repairs has an import- 
ant influence. tepairs to basic hearth 
furnaces are discussed in this article. 

A Sheffield Invitation 

Preparation of White Gold sie 

The Mechanical Properties of Some 
Austenitic Stainless Steels at Low 
Temperatures e-em % 
A range of auste nisic ‘nichel-chromicum 
steels has been tested at various tempera- 
tures down to —180° C. with the object of 
determining their mechanical properties 
and their capacities to resist high stresses 
at low temperatures. 

British Standard Specifications ee 
Testing of thin metal sheet and strip. 
Fusion-welded air receivers. 

American Society for Testing Materials 
Annual Meeting at Chicago. 

New Type of Automatic 
Machine aT ae ee 

Recent De .velopments in Tools and 
Equipment . 
blast furnace gas firing. 

A molybdenum-titanium-carbide cutting 
material, 

The Institution of Gas Engineers 
Annual Meeting at Liverpool. 

Some Contracts. ° oe 

Some Recent Inve tions 
Tap-hole stopping machine. 

Increasing the wearing properties of steel 
rails, 


Metal Prices i ee aah ES. culate 


By W alter 


Centrifugal 








Subscription Rates throughout the World 


Page 
49-50 


50 
52 


v2 


53-55 


~ 
= 
~ 


i | 
f=) 


57-58 


60 
61-62 
63 
64 


65 


66 


- - 24/- per annum, Post free. 








Published Monthly by the Proprietors, THE KENNEDY PRESS LIMITED, at 21, Albion Street, 
Gaythorn, Manchester. 


Telegrams : ‘‘ Kenpred,” Manchester. 


Telephone: Central 0098. 








= 



























42 





SUM THLEEE 


pe 


METALLURGIA 


TEE 





JUNE, 1933. 





METALLURGIA 





THE BRITISH JOURNAL OF METALS. 


WONETUEDATO ATA H 





TULLE 


i 











TMM 


THE WORLD CONFERENCE 


A BRIGHTER OUTLOOK. 
Tw long-awaited World Conference has begun, and 


the delegates of sixty-six nations are wrestling with 

the problems that have brought about economic 
chaos. The significance of this international gathering 
cannot be overestimated, for it acknowledges the failure 
of the economic policy the nations have pursued since the 
war, and envisages the remarkable paradox, referred to by 
His Majesty the King, when opening the Conference, that 
while there has been amazing material progress it has been 
accompanied by world-wide unemployment. That satis- 
factory solutions may emanate from the deliberations of 
the delegates is the hope of millions of people who are 
bordering on despair. The Conference may not succeed 
to the extent desired, but it must not fail. It must promote 
greater confidence among the nations and between the 
peoples throughout the world, and this will assist largely 
in restoring international, industrial, and commercial 
activity to a condition commensurate with material 
progress. 

The extent to which world-wide hopes are based on this 
Conference may be judged by the position and standing 
of the various delegates. Their names are impressive, and 
their authority in their respective countries cannot be 
questioned. All are relatively strong men and can speak 
for their countrymen, but to what extent they can view 
the condition of the world as a whole and sink their national 
prejudices in an endeavour to improve international co- 
operation and goodwill we shall have to wait and see ; 
all must appreciate, however, the enormous task before 
the Conference at which are so many divergent interests. 

It is proposed that the deliberations of the Conference 
will be devoted primarily to prices, currencies, and abnor- 
mal restrictions of trade. World trade during the last few 
years has shrunk to about one-third of its former value, 
and prices have fallen by about one-half; each have 
brought ruin in their train. But, in their desire to be self- 
supporting in essential supplies, nations have raised 
fantastic barriers to normal trade. Not merely tariffs, but 
exchange restrictions, quotas, and prohibitions have been 
used to retard the normal exchange of commodities. While 
these forms of trade restriction are invariably proposed 
by a nation as a means of protecting its trade, other 
nations regarded them as actions of aggression, with the 
result that they have mounted to dimensions that react 
on world trade and the nations are the poorer in conse- 
quence. It would be futile to suggest Free Trade as a 
remedy for this particular evil, because it would not bring 
about equality in the conditions of trade, but, providing 
the delegates do not concern themselves too much with their 
own national aspirations, these problems should be capable 
of mutual agreement. This will be difficult, because so 
many delegates will need to abandon their own doctrines 
to effect any improvement for the common good. 

It is safe to say that all the delegates will give voice to 
very high ideals, such as have been expressed by many 
throughout the depression ; these, however, get us nowhere. 
Something practical is essential to relieve the condition 
of despair and replace civilisation on the road to progress. 
It is a memorable occasion that this assembly should be 
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brought together, but its primary object is to deal with 
realities of human life in agricultural, industrial, and 
commercial communities throughout the world, and its 
success will be judged by the courage and foresight dis- 
played in effecting ordered progress from the present chaos. 

There are, of course, many critics who look upon this 
Conference as an opportunity for certain nations to pro- 
mote economic changes likely to ensure the security of these 
particular nations. It is easy to be cynical as a result of 
other conferences, but we believe that, on the whole, the 
nations represented at this assembly are desirous not only 
of giving lip service to ideals they contemplate, but of using 
through their respective delegates all the intelligence at 
their command to seek equitable solutions that will put an 
end to economic warfare and give hope to millions of 
people everywhere. 

It is regrettable that one of the most important problems 
lies outside the scope of the Conterence. This refers to 
war debts, which are largely responsible for the rapid growth 
of tariffs during recent years. This was the method 
adopted to defeat the consequences of international 
indebtedness ; instead of which it brought many countries 
to a state of bankruptcy. War debts are at the very root 
of the difficulties to be overcome, and they must be dealt 
with before every obstacle to general recovery has been 
removed. It is essential that this problem should be taken 
up without delay. 

There is an indication in some quarters that the delegates 
will be able to compromise on some quota scheme which 
will allot work to various countries on a pro-rata basis. 
Surely this is impossible on an equitable basis, since 
allowance must be made for development. Solutions to the 
many problems must obviously leave ample scope for 
initiative, courage, and resource in the further development 
of industry and commerce ; the desire to progress must 
not be limited. No check should be placed on industrial 
progress; rather should attention be directed to means of 
making full use of material developments. Much assistance 
would be given in this direction if the payment of inter- 
national debts by service, goods, or materials could be 
restored. This would give a greater impetus to industry 
than any artificial curtailment. Given a proper oppor- 
tunity, natural forces would tend to restore world stability 
more quickly because the machinery of exchange and 
distribution is so delicate that artificial control methods of 
any kind, while they may be remedial in one direction, do 
considerable harm in another. 

The very fact that the nations are meeting together in a 
spirit of co-operation, with the object of tackling problems 
that are the cause of uncertainty, distrust, and apprehension 
between the various peoples of the world, is a happy augury 
for the future, and, because political and world conditions 
cannot remain as they are, the outlook is brighter. We 
are optimistic in regard to the results of the Conference, 
and believe that these international deliberations will not 
fail to promote the spirit of reconciliation and subsequent 
goodwill amongst the nations. With the right spirit pre- 


vailing, no nation will desire to profit at the expense of 
another, but will desire to promote the greatest good for all : 
it is towards this end that the hopes of every right thinking 
person are centred on the recommendaticns of the Con- 
ference. 
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TESTING BY X-RAYS 
An Engineering Development 
HE value of testing by X-rays is being increasingly 
appreciated and is being applied not only in research 
work, but in the normal routine work of manutac- 
ture. Metallurgists will have noted with interest the 
growing importance of X-ray examination of both ferrous 
and non-ferrous metals, and in consequence the rapidly 
increasing knowledge in crystal formation, but its practical 
application is not less important, as has been shown in 
connection with castings, forgings, welding, etc. This form 
of examination promises to be one of the most important 
testing methods in foundry practice, and is particularly 
well adapted to aluminium-alloy castings because of the 
relatively high transparency of aluminium. 

The method has several advantages when applied to the 
testing of castings, one of the most important being that 
inspection is effected without damaging the casting ; 
dangerous flaws which may cause failures can be detected, 
not only before the casting is put into service, but before 
expensive work is involved on it in the machine shop ; 
castings that would otherwise be discarded because of 
surface defects may be shown on examination to be other- 
wise sound and accepted into service ; but its value in the 
foundry is probably associated more advantageously with 
modification in design and casting methods. The applica- 
tion of X-rays to the study of defects in castings and the 
correction of the designs of castings to eliminate the possi- 
bility of these hidden defects, is making rapid progress, 
particularly in the production of castings for high-duty 
service where failure would entail serious loss and be 
attended with disastrous consequences. By correlating the 
nature, amount, and distribution of defects with, for in- 
stance, the method of gating or some other important pro- 
duction factor, modifications in design and technique are 
possible which simplify production, limit the percentage of 
wasters, increase confidence in the product, and _inci- 
dentally lead to economy in production. 

An indication of the development of X-ray examination 
is its application in the routine inspection of welded seams 
in pressure vessels, which has been found to be economically 
possible. Modern developments in welding and the 
experience obtained with both large and small pressure 
vessels will convince the most sceptical that structures 
and pressure systems, welded under correct methods, and 
which X-ray examination shows to be perfect, are eminently 
safe and desirable. As with castings welding can be studied 
with the aid of X-rays until the proper technique is devel- 
oped for a particular form of weld and the procedure 
standardised for the materials used. Some engineers persist 
in classing all welds as bad, and do not favour the method 
in fabricated work. This is distinctly unfair, especially 
when means are available for separating good welds from 
bad. In these times those who do not make full use of 
fabricating developments with adequate testing facilities 
are losing opportunities which are being accepted by others 
with an eye to progress. 

There is a widespread impression that the apparatus for 
industrial X-ray examination is very costly and requires 
skilled personnel for its operation, and this perhaps is one 
one of the reasons why X-ray inspection has not been more 
generally adopted. The question of cost is, of course, 
important, but obviously the benefits accruing must be 
offset against this cost, and by making full use of the 
information obtained from such an examination, a cdn- 
siderable saving may be effected. The cost of the apparatus 
is frequently a stumbling-block to the application of this 
method, particularly to smaller firms, but this difficulty 
has been overcome by an X-ray service organisation recently 
launched by Philips Industrial (X-ray Division), 145, 
Charing Cross Road, London, W.C.2. This firm have 
equipped and adequately staffed an X-ray laboratory which 
undertakes the radiographic examination of customers’ 
specimens, assembled articles, and components for almost 
every class of industry. In the case of examinations of 
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such articles as castings, welded boilers and pressure 
vessels, etc., which would be difficult to transport, special 
mobile equipment is available which permits of the job 
being handled on site. 

We are convinced that this innovation will supply a 
need of which engineers, who are faced with problems in 
which X-rays offer a definite solution, can take full ad- 
rantage, since it overcomes the difficulty of purchasing 
the special equipment. 


IRON AND STE‘*.L PRODUCTION 
DEVELOPMENTS 


BRITISH iron and steel manufacturers have always been 
associated with the best of the world’s producers, and 
strenuous efforts are being made to maintain this enviable 
position because economic competition has necessitated 
greater production efficiency. With this object equipment 
and personnel have been critically examined for weaknesses 
capable of being strengthened at a cost which would be 
more than balanced by more effective and cheaper pro- 
duction. The industry, however, is faced with many 
complex problems the solution of which must obviously be 
slow, which tends to delay development, but steady 
progress is necessary because of the vital importance of 
the industry in our industrial and economic life. 

It will be appreciated that a good deal of reorganisation 
has been effected in this industry, and substantial 
economics, both in production and sales organisation, have 
been secured, but there is still much obsolete plant that 
should be scrapped and replaced by modern plant on 
grounds of efficiency and economy. Many schemes of re- 
organisation have long been contemplated, but there is 
still a lack of confidence that the protective tariff on 
imported iron and steel has not entirely restored, although 
the import duty has been effective in consolidating the 
home market. 

Economic considerations are such that much courage 
and foresight are necessary to embark on a costly scheme, 
but the old order is changing so greatly and so rapidly that 
merely cautious readjustment is impossible ; adequate 
reorganisation is not a matter of inclination but of self- 
preservation, and no firm with any pretentions to progress 
can afford to stand aside and wait for what may happen. 
It is not possible to foretell what the new order will be ; 
some form of planned production may be attempted to 
bring about a degree of control. There is, however, no 
certainty and it is wise to carry out such schemes of re- 
organisation as are contemplated with the least possible 
delay. 

Despite the complexities with which the industry is 
involved there is a need for a more optimistic spirit, and 
ample room for the display of courage in putting works on 
a real competitive basis. Such courage as has been displayed 
by the Lancashire Steel Corporation, which has nearly 
completed the reorganisation scheme, began over three 
years ago, at the Irlam Works. The developments are very 
comprehensive, as readers will realise from the descriptive 
article on the subject to be published in the next issue. 
That an important change has been effected will be appre- 
viated ; a change that places these works in the forefront 
of manufacturers progressing towards the production of 
cheaper steel. It is noteworthy also that the developments 
have been carried out so as to facilitate change-over in 
production to meet market requirements. 

These Works provide an excellent example of the manner 
in which some manufacturers are taking advantage of 
modern equipment and technique with a view to meeting 
changed conditions, and in an effort to restore the prestige 
of the British iron and steel industry to its former position 
amongst producing nations. There can be no doubt that 
normal trading will return and industry will be required 
to meet new demands under new conditions, and works 
adequately organised will earn the reward that the courage 
of their owners deserves. 








Correspondence 


Bismuth in Copper and Brass 
To the Editor, MreratLurata. 

Sir,—In view of various developments which have 
recently taken place in the metallurgy of copper and brass, 
the effect of small proportions of bismuth upon the 
mechanical and other properties of these materials has 
assumed greater importance than ever before. Simul- 
taneously, the development of various sources of copper 
which may contain more or less bismuth has rendered it 
supremely important for the manufacturer to be able to 
know with certainty the bismuth content of the metal 
he is employing. 

Since the proportions of bismuth which have to be 
determined are very small, the actual estimation is an 
operation which presents considerable difficulties, and a 
careful examination of the whole position by the Technical 
Sub-Committee of the Fiscal Policy Committee of the Brass 
and Copper Industries has shown that there is generally a 
good deal of uncertainty in the assays which are made. 
Since the bismuth content affects the buying and selling 
of many thousands of tons of copper per annum, it is 
obviously essential that entirely sound and reliable results 
shall be obtained when analysing for this element, and in 
an endeavour to arrive at such a position the above- 
mentioned Technical Committee has thoroughly in- 
vestigated the matter. 

As a result of this examination, a set of principles has 
been enunciated by the Committee which they consider 
will, in the hands of competent analysts, produce reliable 
and reproducible figures. In making a statement of these 
principles, the Committee does not wish it to be believed 
that it is excluding other possible methods, but wishes to 
affirm that in laying down certain rules it has produced a 
means whereby sound analytical resulvs can be obtained. 

In view of the exceedmgly great importance of securing 
the most complete reliability in analysing for bismuth, 
the Committee would be grateful if you would arrange to 
give publication to the document enclosed and also to this 
letter, which explains how it came into existence. It is 
hoped that by these means all those who are interested 
in this problem will have an opportunity of seeing and 
criticising these proposals with a view to the eventual 
perfection of this particular determination, and the Com- 
mittee will be glad to receive from interested parties any 
comments or suggestions tending towards this result. 
These should be addressed to the Secretary, Mr. Lester 
Smith, c/o Squiers and Co., Ping’s Court, 115, Colmore 
Row, Birmingham, England. 

A. J. G. Smout, Chairman. 
J. Lester Smita, Secretary. 
Fiseal Policy Technical Sub-Committee of the Brass and 
Copper Industries. 





The Estimation of Small Proportions of 
Bismuth in Copper (up to 0°20%) 


In dealing with this matter, it has been considered 
desirable to enunciate those analytical principles which 
should be observed in making an analysis for bismuth, 
rather than to lay down details of chemical procedure. 
The intention is to provide a set of rules which, in the hands 
of competent analysts, will produce reliable results. Within 
the principles enunciated, there is ample scope for variation 
in accordance with individual preference. It is noc claimed 
necessarily that the methods which would follow from the 
given rules are the only ones which may give reliable 
results, but it is claimed that the principles set out below, 
if faithfully observed, will always yield reliable and repro- 
ducible values :— 

1. The proportions of bismuth in question are too small 
to allow of satisfactory determination by gravimetric 
means. If a gravimetric estimation is attempted, it is 
necessary to use a very large quantity of material, and, as 
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a result, the operations involved in the separation of the 
bismuth become too clumsy for the requisite accuracy 
to be obtained. Furthermore, the handling of the final 
precipitate presents marked difficulties in view of the 
small quantity which is present. 

2. The most satisfactory method of determining the 
bismuth is by colorimetric means, and a suitable reaction 
for this purpose is that between bismuth sulphate and 
potassium iodide. This reaction releases bismuth tri-iodide, 
which dissolves in an excess of potassium iodide, producing 
a yellow solution. 

3. In opening out .he copper, solution should be effected by 
nitric acid. 10 c.c. of nitric acid (Sp. Gr. 1-20) per gramme 
of copper is a suitable allowance. In the event of an 
insoluble residue being obtained, this should be filtered 
off, ignited and fused with potassium-bisulphate, the 
fusion dissolved in dilute sulphuric acid and added to the 
original filtrate. 

4. In order to ensure that the whole of the bismuth is 
precipitated during separation, it is necessary to have 
present a sufficient quantity of another element to act 
as a collector. Of the various elements which might be 
employed, iron is the most satisfactory. In impure coppers 
there may be sufficient iron present to act as a collector, 
but in view of the uncertainty of this iron content, it is 
preferable to make a specific addition of iron to the dis- 
solved sample (0-25 grms. of ferrous ammonium sulphate 
per 10 grms. of sample is a satisfactory proportion). 

5. In precipitating the bismuth, the caustic alkalies 
should be definitely avoided, and an entirely satisfactory 
precipitant is ammonia. 

6. Re-precipitation of the mixed hydroxides of bismuth 
and iron is essential in order to avoid contamination of the 
bismuth solution finally obtained with copper. 

7. The complete precipitation of the bismuth requires 
some considerable time, and it is necessary to allow the 
solution both for the initial precipitation and the re- 
precipitation of the bismuth to stand in a warm place for 
at least six hours. 

8. When the final precipitate of the mixed hydroxides 
of iron and bismuth, from which the copper has been com- 
pletely removed, is re-dissolved, solution should be effected 
in sulphuric acid. The resulting solution should be 
neutralised, then brought to a condition of slight acidity, 
after which all the iron must be reduced to the ferrous 
condition. The reduction can be effected most con- 
veniently by means of sulphurous acid. 

9. The final solution is matched against a blank solution, 
which has been prepared by carrying through all the 
analytical operations as applied to the sample under assay, 
but to which no sample has been added. Into this resulting 
solution the standard bismuth solution (containing 
0-0001 grms. bismuth per c.c.) is added until the colours 
match. The bismuth solution is best prepared by dis- 
solving 0-1 grms. of metallic bismuth in 20 c¢.c. concen- 
trated sulphuric acid, and making up to a litre. 

10. In the final solutions the acidity should be approxi- 
mately 2% by volume, and the amount of potassium iodide 
added should be adequate, but not excessive, a suitable 
proportion being about 10c.c. of a 2% solution. The 
aliquot proportion taken of the solution under assay should 
be such that not more than 4 c.c. of the standard bismuth 
solution should be required. 

For proportions less than 0-002% of bismuth the methods based 
on the above principles may not be trustworthy. Methods for the 
determination of these very small proportions are at present under 
investigation. 





Birmingham Metallurgical Society 


At the recent annual meeting of the Birmingham Metal- 
lurgical Society, Mr. W. A. Benton was elected president, while 
Messrs. H. Davies (sen.), J. Fallon, N. P. Allen, and E. A. 
Bolton were elected vice-presidents. The following officers 
were also elected : Mr. A. C. Craig, honorary treasurer ; Messrs. 
H. J. Miller, C. H. H. Franklin, T. W. Ellett, P. A. Tucker, and 
E. Pagett, members of the Council. 
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Rotary Piercing and Extrusion 
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for 


Tube Manufacture 


By Gilbert Evans. 


The author discusses the advantages and disadvantages of rotary piercing and extrusion. 


more particularly with regard to non-ferrous tube manufacture. 


Many of the points 


raised are debatable, the solution of which depends on the conditions prevailing. 


MILD sensation in engineering circles was caused 
A in the year 1888 by the introduction into England 

of the Mannesmann process for piercing — solid 
billets for the manufacture of seamless tubes. Its adaptation 
was applied to steel, and there is no doubt that the object 
was to produce finished tube in the one process, a claim 
which was considerably modified as the experimental stage 
passed. The author was one of the articled apprentices 
taken over when the Mannesmann Company absorbed the 
works of the Landore Siemens Steel Co., Ltd., a concern 
which before the date mentioned was famed for armour 
and sheathing plates, rivets, girders, angle irons, etc., 
most of which was made for Government shops of H.M. 
Queen Victoria’s Navy. That pioneer of seamless tube 
in America, R. C. Stiefel, was employed by the Mannes- 
mann Co., and the launching of his now well-known disc 
type piercing machine was the cause of prolonged law- 
suits in German courts. 

The application of rotary piercing to non-ferrous metals 
dates from approximately 1907, in which year Stiefel’s latest 
patent rights were acquired by the then Leeds Copper 
Works, Ltd., now the Yorkshire Copper Works, Ltd., under 
the supervision of the writer up to 1914. There is certainly 
no more intriguing and fascinating process pertaining to any 
branch of the ferrous or non-ferrous trades. The principal 
of the rotary process was derived from the reeling and 
straightening machine, and consists of either barrel-shaped 
rolls or dises, which have inclined horizontal axes. The 
rolls or dises are designed to impart to the hot circular 
billets, which are introduced between the pass or lie 
between the rolls, a thread-like rotating forward movement 
with a diminution of the body of the billet until it comes 
into contact with a specially designed tool called the 
piercing plug. 

Sufficient feed or power is imparted to the billet, which 
results in its overcoming the opposition of the piercing 
plug, the action of which is to displace the centre and 
centrifugally form the original solid billet into a hollow 
shell. That this displacement deserves the application of 
being centrifugal is clearly borne out in the first Mannes- 
mann patent, which claimed that it was possible to produce 
a shell by the effects of the rolls, the subsequent introduction 
of the piercing plug claiming to govern the regularity of the 
hole and to govern any desired thickness of the wall of the 
hollow shell. There was, however, no definite limits 
between which—either in diameters or thicknesses—the 
products could be commercially guaranteed, and in the 
later processes the pilger and plug rolling operations were 
most successfully called into use. 

This article, however, is compiled with special reference 
to the development of rotary piercing as applied to the 
non-ferrous metal trade, to which the Mannesmann and 
Stiefel processes have been almost universally adopted. 
There are mixtures, such as 70-29-1 and 70-30 which, 
after consistent and repeated experiment, have not been 
reliably amendable to either of the processes afore- 
mentioned. 

To return to the first claims of the Mannesmann brothers, 
that a solid circular billet could be, by the effect of the 
inclined rolls, transferred into a hollow shell. This claim 
has been definitely and practicaliy demonstrated on many 
occasions, but the hole formed by the operation was 
irregular and of a shape, which may be termed starred, as 








to be of no value, in fact the action of the rolls clearly 
effected but a breaking up of the centre of the billet, and 
to an extent only a destroying rupture of the fibre of the 
material, accentuated in its progress through the pass 
between the piercing rolls by the differing ratios between 
the rolls and billet at varying stages of the billet’s progress. 
The Mannesmann claim of “the only tube with a spiral 
fibre,” was quickly abandoned as the development of their 
principle of piercing progressed under development. R. C. 
Stiefel’s disc-piercing machine was first demonstrated in 
America towards the end of the ‘nineties, and installed in 
Birmingham, England, a few years later. This plant con- 
sisted of two discs arranged in tandem, and here again 
the important question of differing speeds aroused much 
discussion, in view of the fact tht on the introduction of 
the hot billet into the piercing pass it contacted with the 
large diameter of one disc on one side and the small diameter 
of the opposite disc, these conditions being reversed on the 
outlet planes of the respective discs. In later practice, and 
especially in the application of rotary piercing to non- 
ferrous material, these differential speeds between the rolls 
and billets were considerably modified, and in consequence 
much more reliable results were ne established. 
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Fig. 1.—Diagrammatic section through Mannesmann 
piercing machine. 
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As the development of the rotary process was more 
closely associated with Stiefel, it is of more than passing 
interest to study his recorded opinions as expressed in a 
lecture contributed at a meeting of the American Society 
of Engineers on a fairly recent occasion. The main points 
are illustrated in Fig. 1, and concern ¢ hiefly the functions 
of the rolls and piercing mandrel. From this diagram it 
will be noted that at the first point of contact between rolls 
and billet the diameter of the roll body is small, while the 
billet is large, and as the billet is propelled forward from 
B to C, the diameter of the billet decreases while that of 
the roll increases, and on the outlet planes from C to D 
the reverse conditions obtain—/.e., the diameter of the rolls 
decreases as the diameter of the billet increases. These 
differences in diameters, and consequently in speeds 
between the rolls and billet at contact points are undoubt- 
edly injurious to the material under operation, due to the 
setting up of injurious stresses, but which, owing to the 
breaking up of the centre of the billet, reduces the opposition 
to the piercing mandrel. The enormous friction set up 
between the rolls and the billet, combined with varying 
speeds at points of contact, is termed slip, and results in 
considerable loss of power. 

In considering the functioning of the piercing mandrel, 
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further reference to Fig. | will show that the small diameter 
of the mandrel at E is opposed to the large diameter of the 
rolls, and at F exactly the reverse obtains, so that the 
slippage stresses to which the outside of the shell is subject 
by the speed differences of the rolls, are being reproduced 


Fig. 2. 


on the interior by the speed differences of the mandrel at 
its points of contact. 

Coming to the type of piercing machine of modern 
design, a reference to the line illustration Fig. 2, 
demonstrates the efforts to introduce at least a reduction 
in the exaggerated differences between the ratios of the 
rolls and billet, and here it may be emphasised that in the 
resultant design of the pass between the rolls, allowance 
is made for a perfectly natural flow of non-ferrous metals. 
As far as possible, the peripheral speed of the billet at A 
on the inlet planes, and at B on the outlet planes, are, as 
practicable as possible, equal. That is to say, the ratio 
of the rolls to a 4-in. solid billet on coming into contact 
with the rolls, is 5 to 1, while at the completion of the 
piercing operation the same proportion exists in the pro- 
portion of 5in. of the hollow shell to the 25-in. diameters 
of the outlet planes. One cannot imagine more perfect 
conditions than those illustrated, although it is not possible 
to overlook the slightly differing speeds existing between 
these points during the whole of the piercing operation. 
In the matter of the secondary process of expanding 
pierced shells into larger diameters and thinner walls, the 
plant under review stands alone for 
dependency and efficiency, the operation 
being accomplished on the same machine 
as used for the piercing operation. The 
inlet and outlet planes are admirably 
adapted for this secondary treatment, but 
it is recognised that if plant were installed ' 
for expanding only, a considerably wider 
angle between the outlet planes would 
result in greater expansion. The most 
important factor to be observed in working 4 





conditions is to ensure that the area of 
the walls of the pierced shell at the apex 
of the roll (Figs. 3 and 4 at A) coincides 
with the resultant expanded shell at the 
completion of the operations (shown at B). 

As a matter of practice, it is advisable 
for the area of the expanded tube to be slightly over the 
area of the pierced shell, as any decrease in area is apt to 
result in buckling and fracture of the walls, and resukant 
total loss of partially finished article. In both the piercing 
and expanding operations it is possible by the introduction 
of mandrels of varying diameter, combined with a slight 
alteration ot the friction-driven guide rolls to obtain within 
reasonable limits any desired diameter and thickness from 
the same solid billets or pierced shells. As an example of 
this, compare Figs. 3 and 4 as illustrative of two examples 
of expanding from similar pierced shells to varied diameters 
and thicknesses of walls, 


JUNE, 1933. 


In comparing the types of mills discussed in the fore- 
going, brief reference must be made to the important item 
of guide rolls. In Mannesmann piercing machines the third 
or top roll exercises a very definite effect on the operation. 
It is absolutely necessary to work at a certain distance 

above the actual intersection point of 
the axes of the barrel rolls, a state of 
matters which requires a different work- 
ing centre for different diameter solid 
billets. This throws a tremendous load 
on the guide roll, as the whole working 
pressure is transmitted for its fune- 
tioning. The bottom guide takes the 
form of a girder or plate which is to 
counter the natural gravitation of the 
material. In the operations illustrated 
in Figs. 2, 3, and 4, the guide rolls are 
actually true to their designation, and 
function only in governing the circularity 
of the shell, there being little frictional 
power absorbed, and their proportion or 
ratio to the actual rolls is not of material 
importance, A_ useful range of sizes 
constitutes the outputs of these latest 
rotary piercing machines that is worthy of consideration 
by both manufacturers and users. 


Progress in Extrusion for Manufacture of Tubes. 

As the rapid development in rotary piercing methods 
progressed from 1907 to 1921, so of late years has the 
advance of extrusion been engaging the attention of the 
technical and engineering staffs of tube factories. 

The experimental stages have long since been passed, 
and all modern mills now include one or more vertical or 
horizontal extruding presses operated by hydraulic power. 
The types of press which have been under the observation 
of the author are the Serck patents, built to their specifica- 
tion by Messrs. Fielding and Platt, Ltd., of Gloucester, and 
those by Fried Krupp, of Magdeburg, Germany. The 
plants find favour by their respective users, and are 
worthy of more notice than is possible in the space at one’s 
disposal. For simplicity of design and accuracy in its 
products, the Serck plant deserves every recommendation, 
and has several outstanding features, including the arrange- 
ment which, on the completion of the actual piercing 
operation, allows the container to travel with the pierced 
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Fig. 3. 


billet during the actual extruding, so that at the complciion 
of the extruding stroke of the main ram the top of the 
container is level with the extruding die itself. Com- 
pressed air cylinders return it to its original position in 
readiness for reception of the next solid billet. A further 
feature is the adoption of loose piercing and extruding 
mandrels, which allow the use of a guide bush for accur- 
ately centring the piercing mandrel, and the changing 
of this tool for each separate billet, an arrangement which 
ensures the tolls being cooled regularly and systematically, 
thereby adding to the life of one of the two most expensive 
items necessary to production. The extrusion die is 
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included in the remarks re systematic cooling. Included 


in the plant is an ingenious “ gadget ”’ for the extraction of 


the mandrel and guide-bush after each operation. 
The vertical extrusion presses of Fried Krupp are built 
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level, and the alternative of a pit under the floor 


level. 


My opinions are :— 
1. Where the necessary close supervision is in expert 


with either fixed or movable containers, with return hands, it is not absolutely essential for billets to be turned 


stroke cylinders arranged at the side of 
the main cylinder. In accordance with 
usual practice, the piercing of the billet 
and extrusion of the tube after piercing 
is accomplished at the same heating, and 
by one stroke of the main pressure ram. 
In the case of the movable container, 


an extrusion plate with 


sponding to the diameter of the mandrel 
can be placed in position before the 
piercing. The mandrel returns with the 
extruding ram to the starting position, 
after the completion of the operation. 
Where it is necessary to upset or compress 


the billet to entirely fill 


before piercing, the mandrel is for the time 
being retracted into the extrusion ram. 
As is the rule with all extrusion presses, the containers are 
interchangeable to accommodate billets of varying diameters. 
The external diameters of the containers are of similar sizes, 
being suited to the container jacket, which is designed of 
ample strength to absorb safely the utmost pressure exerted 


are a device for ejecting the extrusion die with the con- 
tiguous piece of tube left after extruding, and a pivoted 


saw. 


A question for the research department on the value of 
extrusion is to arrive at a definite decision as {o the greatest 
ratio which may be attained between the diameter of the 
solid billet and the area of the ultimate extruded tube, as 
it is obvious that a maximum point in the satisfactory 
flow of the metal from the solid billet to the aperture between 
the extruding die and mandrel must be reached. In one 
case, for instance, a small-diameter tube is extruded from 
a 4}-in. billet, while in another factory the same diameter 


and similar thickness is 


This aspect and the relative merits of rotary piercing the 
author hopes to refer to at a later date. 


Weight 
Diameter per 
of Solid | Length. Billet 
Billet. in Lb. 
In. Ft. In 
4 6 O 1,460 
8 6 0 1,150 
7 5 9 845 
6} 5 3 610 
5} 4 6 377 
43 4 2 272 
4} 4 2 240 
4 4 2 200 
33 42 180 
3] 42 135 
3 4 2 112 
2} 4 2 75 


a hole corre- 








the container 


on the outside. 
case of rotary piercing, where the surfaces are subjected to 
the most acute torsional strains—e.g., close attention to 
billet moulds, dressing, temperature of poured metal, and 
rate of pouring should to a great extent eliminate this 
in the piercing and extruding processes. Other features preliminary preparation of turning. 




















This treatment is not resorted to in the 


2. Boring of one or both ends of the billets is more 
necessary where the piercing and extruding tool is a fixture. 


The adoption of Serck’s loose mandrel and guide bush 


produced from a 3-in. billet. 


TABLE oF Output oF Rotary PrerRcinG MACHINE. 


induces the finding of the billet centre, and gives equal 
heating, which is more conducive to concentricity. A billet 
which has had its diameter reduced by lying too long in the 
furnace and so subject to sweating and reduction of 
diameter is a contributive factor to eccentricity of wall 
of tube. 

3. It is necessary to adapt the speed of extrusion to suit 
various mixtures. Experience and observation powers 
ot the operator are a decided factor in most cases. 

4. This is greatly a question of environment added to 
the opinions of the engineer. Very few modern factories 


(Evans Patent 2234.) 





Piercing. 


Number Total Dimensions of 
Pierced Tons Pierced Shell. 
per Weight 
Shift. er Inside |p: 
Shift. Diameter. Thickness 
In. In. 
10 26 9} ij to 1] 
40 20 8} i to | 
50 18} 74 i 
60 16 65 3 
80 13-5 54 3 
180 20 4} § 
200 21 43 ra 
200 18 4} i 
260 21 3% ? 
280 21 3 i mM 
300 15 34 ik 
2 i 


300 11 


Time 

of 

Operation | Inside. 
in 

Seconds. 


33 12 

33 11} 

30 10 
25-28 9 

25 73 

22 

22 

22 In one 

20 » 2} in. 

20 

20 


Expanding. 
Thickness. Second Expanding. 
In. 

g Up to 19 x } or as ordered 
i Ry I 

4 ox @ - 

” q 1 

16 133 x 4 ’ 

\ 12 x } * 

z 1 

is » eae o» 


pass up |jto any diameter, 1} in. to 
over pier|ced inside diameter. 








There are several debatable features of the extrusion 
process which one touches on with considerable deference 
to the various views existing among the employers of the 
process. In the main, they are :— 

1. The need of turning the outside of the solid billet. 

2. The value of preliminary boring of one or both ends 

of the billet as a means of securing concentric walls. 

3. The speed at which various mixtures may be extruded. 

4. The comparative handiness of erection on a platform 
erected 12 ft. or so above the usual working floor 


have the necessary head room required for the installation 
of the platform, hence the vault is unavoidable even if 
water has to be contended with. Personally, the platform 
is preferred, and not only from the point of view that the 
short solid billets are more easily handled than the some- 
times 30 ft. to 40 ft. resultant tube. 

After all, these are debatable points, the solution of which 
rests with the prevailing conditions and on the ingenuity 
of the technical and engineering staffs, or a happy com- 
bination of both. 
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Cylinder Wear 


A Report* on investigations undertaken by the Department of Scientific Research and the Research and 


In a recent paper, delivered before the Institution of 
Automobile Engineers, Mr. Ricardo suggested that corrosion 
might be the main cause of cylinder wear, but he considered 
that further observations, more particularly tests on 
engines with cold cylinder walls, were needed before 
accepting this theory. During the discussion of this paper 
Mr. W. N. Duff, the Director of Research and Standardisa- 
tion of the Institution pointed out that the necessary 
evidence already existed in the results of work done during 
the past year at the Institution’s research laboratories, and 
reported some of the conclusions deduced from these tests. 
The Department of Scientific Research and the Research 
and Standardisation Committee have recently given per- 
mission to publish the results of these investigations, and 
a Report on Cylinger Wear has been prepared by Mr. C. G. 
Williams which is of considerable interest. 

In a foreword by the Director of Research and Standard- 
isation it is stated that the problem of cylinder and piston 
wear was chosen as the first and principal matter requiring 
investigation soon after the formation of the Committee. 
The investigation has been in progress over a year, and 
although it is by no means complete, it is felt that con- 
clusions of sufficient interest have been reached to warrant 
the issue of an interim report. 

To indicate the magnitude of the problem, it need only 
be mentioned that cylinder and piston wear had been 
exercising the minds of manufacturers and users for many 
years, and that the operation of millions of vehicles under 
various, but uncontrolled conditions had failed to bring to 
light a satisfactory solution. It was felt, nevertheless, that 
there must be a large supply of information available for 
analysis, which would enable a decision to be reached as to 
the most suitable method of attacking the problem. This 
information has been collected and summarised in Reports 
Nos. 6,000 B. and 6,200 B. 

The mass accumulation of figures, however, failed to 
point to a definite cause of cylinder wear, and it was 
decided to treat the matter as a research problem pure and 
simple, the primary aims of which should be to determine 
the essential conditions under which cylinder wear occurred, 
and it was considered that this course should be followed 
before any attempt was made to search for remedies. 

The procedure adopted was to carry out series of tests 
on engines, introducing one at a time, the various service 
conditions—e.g., dilution of oil, scanty lubrication, ete.— 
which it was considered might accelerate cylinder wear. 
It was considered that only by this process of elimination, 
and by a strict and judicious control of variables would it 
be possible, with the aid of but a few engines, to obtain an 
insight into a problem which, as stated above, the operation 
of millions of vehicles under uncontrolled conditions had 
failed to achieve. 

It will be appreciated that this kind of research neces- 
sarily takes a very considerable time, since before the 
conditions are found under which appreciable wear occurs, 
a hundred or more hours of running may be necessary before 
wear measurements can be obtained upon which reliance 
can be placed, and these figures require checking by tests 
of similar duration. 

The report opens with a description of the engines and 
measuring apparatus used and indications are given of the 
nature and limits of accuracy of the measurements. 
Experiments are next described in which the influence of 
. Interim Report, No. 6,900 B., Class 42,251, by C. G. Williams, M.Sc., with erowend 
by the Director of Research and Standardisation, published by the Institution of 
Automobile Engineers Research and Standardisation Committee. 


Standardisation Committee of the Institution of Automobile Engineers to determine the cause of cylinder wear. 





certain conditions, popularly supposed to accelerate wear, 
were studied. It was found that dilution with petrol, even 
up to 90%, did not produce accelerated wear except when 
the oil was contaminated with abrasive matter. Other 
experiments showed that, with cylinder wall temperatures 
of 125 to 265° C., and under steady running conditions, 
deficiency of oil was unlikely to be a factor of practical 
importance. It was also found that cylinder wear was 
practically independent of temperature over the same 
temperature range. Reference is made to some preliminary 
experiments on the effect of load and speed. Stopping an 
starting tests showed that, provided warming-up was 
sufficiently rapid, delayed lubrication and strangling the 
carburettor did not accelerate wear. 

Delayed warming-up, particularly if accompanied b 
scanty lubrication, resulted in a marked increase n 
cylinder wear. It was concluded that low cylinder wall 
temperature was the main cause of high wear, and this was 
confirmed by a large number of tests carried out under 
steady running conditions which showed a rapid rise in 
rate of wear below a cylinder wall temperature of 90° C. 
Also, below this temperature wear could be reduced by 
increasing the oil supply. The increase in wear at low 
temperatures is shown to be related to condensation on 
the cylinder walls of water from the products of combustion, 
and evidence is adduced which suggests that the effect of 
of this water is to cause corrosion. It is pointed out that 
certain acids formed during combustion could accelerate 
this corrosion, and some wear tests, in which hydrogen was 
used as a fuel so as to eliminate the possibility of forming 
certain of these acids, showed a large reduction in wear. 
The corrosion hypothesis was further supported by the 
results of some experiments in which cylinder and piston 
ring wear was reduced by the use of austenitic cast iron, 
which is a corrosion-resisting material. In_ addition, 
reference is made to experiments on the effect of additions 
of oleic acid to the lubricant, and of upper cylinder lubri- 
cants to the petrol. 


Foreign Shipping Policies Criticised 

The British National Committee of the International 
Chamber of Commerce discusses the grave condition of world 
shipping trade in a report in which it views with the gravest 
concern the existing position in the international carrying 
trade of the world. Since the war, the report states, it has 
been the policy of some maritime nations, at the cost of the 
State, to build and run ships under their own flags to compete 
with and dispiace ships under other flags in international trade 
generally, and not merely to provide ships under their own 
flag for the particular needs of the nation. 

The report suggests that so long as shipbuilding and ship- 
owing under all flags are left to labour under conditions that 
make their economic continuance an impossibility the future 
of international sea transport is in peril. Those conditions are, 
in the main, the creation of direct and indirect subsidies 
granted to national shipping, and to premiums granted to 
national shipbuilding, to enable national ships to be built and 
run on an uneconomic basis. 

Under this policy there has been brought into existence a 
mass of shipping tonnage far in excess of trade requirements. 
The disproportion is so great and has lasted so long that it 
renders impossible the operation of the international freight 
market on an economic basis. In addition, it has assisted in 
paralysing the shipbuilding and shipowning industries under 
all flags. It is asserted that sound conditions in the shipping 
industry and the future of international sea transport can 
never be assured while the uneconomic policies of Government 
subsidies continue. 
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Recent Developments In Casehardening 
Practice 


Modifications of the cyanide process of casehardening are discussed 
and successful applications described. Special reference is made to 
the application of the process for abnormal steels. 


HE operation of casehardening in molten sodium 
cyanide baths is too well-known to metallurgists 
to require detailed mention here, but certain recently 
discovered facts in connection with it may be worthy of 
mention, in view of their increasing application to the 
industrial practice of casehardening. The more important 
of these developments are centred 
round such problems as the maxi- 


mum carbon content obtainable by Edge of 
the process, and the cyanide-hard- ncaqemedl elf 
“ Outer zone —> 


ening of abnormal steels, the case- of troosite 
hardening of malleable cast irons, 
and heat-treatment of alloy cast 
irons. The success of such extended 
applications as these has gone far 
to increase the popularity of the.) 
* . $s Cc 

process apart from its more obvious zone >) 
advantages over other methods of grata to site 
case hardening. 

So far as steel is concerned, any 
carbon content of commercial value 
is readily obtainable by the process. 
A content as high as 2-5% may 
be produced by a bath containing 
85%-90% NaCN, although such a 
percentage is of scientific interest 
only. Baths of this high cyanide 
concentration are expensive to Core —> 
maintain at elevated temperatures ; 
but the fact at any rate serves as 
an indication of the carburising 
power of cyanide. It should be 
borne in mind that the actual con- 





bath as a protective layer. It was thought for some time 
that too thick a layer would tend to prevent the atmos- 
pheric oxidation supposed to be necessary for the carburising 
action, but this seems to proceed quite irrespective of the 
thickness ; in fact, it has been definitely established that 
the greater the amount of “‘ economiser 


7 


used, the greater 





trolling of the concentration of cyanide in Fig. 2.—-Microphotograph of a section Fig. 3.—Similar material carburised in 


the bath may rapidly be effected by a series 
of silver nitrate titrations done with a very 99° © 


*? 


of an abnormal steel carburised in solid rapideep, cooled in air, and treated as 
compound, cooled in box, reheated to specimen in Fig. 1. No troostitic zone is 
water quenched, reheated to present in this sample. A perfect case of 


simple set of apparatus. 760° C., water quenched. martensite is produced. 
The usual working strength of the bath is Specimens etched in 1% HNO, in alcohol. Mag. 75 diams. 
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Fig. 1.—Course of hardness as grinding proceeds on cases obtained in 


a standard alkaline earth bath. 


50/55 % NaCN, and this concentration is maintained by 
periodic additions of NaCN alone. Sodium carbonate, the 
other principal constituent, is the normal decomposition 
product of sodium cyanide. Excessive decomposition of the 
salt is prevented by the use of a graphitic “* economiser,” 
of special composition, which floats on the surface of the 





taining 
cyanide 


is the proportion of carbon to nitrogen in the 
case, and vice versa. Further, the lower the cyanide 
concentration, and the lower the working tem- 
perature, the higher is the proportion of nitrogen 
to carbon. At low temperatures (i.e., below 
550° C.) nitriding only takes place. Some econo- 
miser must, ot course, be used for working at 
reasonably high temperatures, to prevent excessive 
fuming and loss of cyanide. It should be em- 
phasised that repeated analysis shows the cyanogen 
content of the fumes are not dangerous. 
Among the most important modern develop- 
ments of the process are the modifications of it 
designed to effect the successful casehardening of 
abnormal steels. Various degrees of abnormality 
in steel are known to be possible. For instance, 
a single bar of steel may be normal in some parts 
of its length and abnormal in others, and the 
use of cyanide-containing baths is particularly 
advantageous in these cases. Special baths con- 
alkaline earth-chlorides in addition to sodium 
have been developed for conferring cases up 


to .090” on normal steels. These baths are specially 
suitable for the deep carburising of abnormal steels.* 





* A patent has been taken out by Imperial Chemical Industries Ltd., 


covering the manufacture and use of such baths. 
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The graphs reproduced in Fig. 1 show the course of the 
hardness as grinding proceeds on cases obtained in a 
standard alkaline earth bath by treating tor three hours 
and six hours respectively. The steel actually used for 
these tests was a plain casehardening steel, and it will 
be observed that in the six-hour test approximately 1.5 mm. 
may be ground off the diameter before striking soft 
material. When using this particular bath, a chemical 
control of the cyanide content is essential, since with 
too high a cyanogen content there is a risk of obtaining 
hyper-eutectoid zones with an undesirably high carbon 
content ; while below a certain cyanide concentration, 
complete saturation may not be obtained. Chemical 
control is as rapid and simple in these cases as in those of 
normal cyanide baths. 

The microphotographs shown in Figs. 2 and 3 tell their 
own tale to the metallurgist comparing the results of pack- 
hardening and cyanide-hardening abnormal steels. Fig. 2 
shows a section of an abnormal steel carburised in solid 
compound, and water-quenched. The second specimen 
was carburised in an alkaline earth bath and water 
quenched, A definite outer zone of Troostite is notice- 
able in the pack-hardened specimen. There is no troostitic 
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zone visible in the second specimen, but a perfect case ot 
glass-hard martensite extending to the core. 

For superficial hardening (such as the production of 
cases of 0-005 in.), a normal Na,CO,/NaCN bath is to be 
recommended as the most suitable and economical. 
Alkaline earth baths are specially suitable only for deeper 
cases, such as those of 0-03 in. and over. 

Malleable cast irons can be successfully lightly case- 
hardened by the cyanide process if certain precautions are 
observed. ‘ Black Heart’ malleable, if taken up to 
900° C., tends to take up the graphite into solution, reform- 
ing cementite on quenching, and reverting to brittle white 
iron. Provided that the temperature is kept down to 
800° C., and the job is quenched in oil, no formation of 
cementite is likely to occur. 

“White Heart ” malleables are more amenable to heat- 
treatment owing to the fact that they contain little or no 
carbon. The cyanide bath, followed by oil quenching, 
readily gives these a case of the order of 0-015 in, Nickel- 
chromium cast irons, which are heat-treated after casting, 
may also be successfully cyanide-treated, this serving to 
close the grain and so to increase resistance to pitting 
action above the point obtained in heat-treating from 
muffle furnaces. 


Modern Pipe Lines 


The importance of quality in pipe-line systems for water, sewage, oil, gas and compressed air 
cannot be overestimated. In this article advantages of steel for these purposes are briefly discussed. 


HILST it is now generally recognised that the 
steel pipe-line is the standard high-grade job 
for water, sewage, oil, gas, and compressed air, 


in many cases cement fabricated pipes are being used 
because they are somewhat cheaper in capital cost, without, 


of course, taking breakages into account. The sound 
policy, however, that the best quality article is always the 
cheapest in the long run applies with particular force to a 
pipe-line, and the real advantages of steel are not always 
recognised. 

A consideration of the newly-issued British Standard 
Specification No. 486 for asbestos cement pressure pipes 
will be of considerable interest in this connection. For 
example, it is specified that such pipes should be composed 
only of Portland cement (according to B.S.S. No. 12) and 
cleaned asbestos fibre free from grit and organic fibre or 
loading, while also they shall be finished in such a condition 
as to allow of cutting, drilling, and tapping. 

It is one of the inherent and serious objections of all 
concrete work that so much depends upon the * personal ” 
element in the way of using the proper quality of cement, as 
well as other ingredients of the right size and quality, 
together with adequate and efficient mixing. 

The steel pipe is entirely free from such troubles and 
anxieties, and the purchaser knows that he is always 
obtaining a standard high-grade product which is also 
homogeneous, that is, not composed of dissimilar materials, 
such as cement, asbestos, or steel wire, as in the case of the 
fabricated pipe. 

According to this new Standard Specification also there 
are four classes of cement asbestos pipes, respectively 
A, B, C, and D. The first of these, to be supplied in sizes 
from 2 in.-40 in. diameter, is to have a test pressure of 
200 ft. head of water. The corresponding figures for the 
‘B” class of pipe are 2in.—21] in. diameter and 400 ft. 
head, water-test pressure, while the “ C ” class is 2 in.—10 in. 
diameter and 600 ft. head of water, and the “D” class 
2 in.-7 in. diameter, and 800 ft. head of water. In all 
cases also the actual working pressure of the pipe-line 


should not exceed half the corresponding test-pressure— 
that is, for example, a cement asbestos pipe of the “ D” 
type is not available in sizes over 7 in. diameter, and will 
not operate under working conditions of more than 400 ft. 
head of water. 

As against this, steel possesses very high tensile strength 
and consequently a steel pipe of suitable thickness can be 
used easily for heads of 3,000 ft. or over, and, in fact, almost 
any pressure. Further, a burst steel pipe is practically 
unknown, and breakage during transit and erection is 
impossible. Another point also is that the steel pipe is 
much thinner and lighter, even when suitable for pressures 
many times more than those specified for the cement 
asbestos type. Thus, in the latter connection a 7-in. 
diameter pipe suitable for only 400 lb. per sq. in. working 
pressure, is about 1 in. thick. Further, also, the lengths of 
the individual cement-asbestos sections are much less, being 
only 9ft. 10 in. up to and including 3 in., and 13 ft. 1} in. 
for over 3 in. diameter. A steel pipe can be supplied in 
lengths of 40-50ft. without difficulty, which reduces 
enormously the number of joints in a pipe-line many 
miles long. In addition, the lighter weight means that the 
pipe lengths can be handled easily by motor transit, for 
example, enabling a pipe-line to be laid with great speed, 
even under the most difficult ground conditions. 

There are a number of other well-known advantages of 
steel, including, for example, non-permeability and non- 
porosity, while it possesses the important property of 
elasticity. For this latter reason a pipe-line bends without 
difficulty to an appreciable degree, and is not affected by 
local washing away of the ground beneath. 

With regard to porosity, a steel pipe does not possess the 
highly objectionable characteristic of “ sweating,” even 
at the highest pressures, nor is there any danger of con- 
tamination of town’s water supply from the surrounding 
strata. Finally, the problem of corrosion has now been 
overcome, as is well known, by using a smooth bituminous 
lining inside, along with an outer sheathing composed of 
similar material, 
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Failures in blast furnace tuyeres are a frequent cause of trouble, and 

although operating conditions vary, the results of experiments with 

aluminium tuyeres, discussed in this article, apparently provide a 
possible solution. 


UCH progress has been made in the operation of 
blast furnaces with the object of increasing output, 


and further experiments have been carried out by 
Toshihiko Hirakawa, at the Imperial Steel Works, Yawata, 
in order to improve the results of the operation. 
Considerable success has been achieved as a result of these 
experiments, and a blast furnace with a nominal daily 
output of 250 tons has been improved so that a daily 
average of 400 tons has been obtained with greater 
steadiness in the furnace operation. One detail, however, 
tuyére failures, remained a problem for research. Such 
failures were frequent, especially with old blast furnaces, 
and were thought to be unavoidable especially when using 
soft coke as at Yawata. 

Generally, the blast must be stopped when a damaged 
tuyére is replaced, and apart from the resultant economic 
loss the replacement is accompanied by the danger that 
circulating water may creep into the furnace, cooling the 
hottom and, indeed, giving rise to the possibility of 
explosion. That the economic loss due to a stoppage is high 
is instanced by the fact that in America it is counted that 
one minute's stop costs at least one dollar. The replace- 
ment of a damaged tuyére usually involves a stoppage of 
from 10 to 40 mins. 

The essential causes of tuyére failures were studied by 
Mr. Hirakawa, and also the remedies, and during the course 
of this work he experimented with tuyéres made of 
aluminium instead of copper. He found that in operation 
the aluminium tuyéres, which he cast in a metal mould, 
lasted considerably longer than standard copper tuyéres. 

In most countries tuyéres are of copper. and failures of 
such tuyéres in normal “ slow work” often occur at the 
head of the tuyére through the wall becoming pitted and 
cracked by corrosion. Cooling water leaks from these pits 
and cracks and causes furnace trouble. At Yawata, 
however, there have been no instances of failure in this 
manner, and damage always occurs at a localised spot at 
the head, where a small conical hole appears as though 
hored by an insect. The dimensions of the hole vary with 
the thickness of the wall, the material employed, and the 
rate of flow of the cooling water. The thicker the wall and 
the smaller the thermal conductivity of the material the 
larger becomes the outer orifice and the smaller the inner 
orifice of the hole found. With an extremely thick wall at 
the tuyére head the diameter of the base of the conical 
hole becomes large and its vertex does not penetrate the 
wall. 


Cause of Failure. 

After ten years’ experience the author has found that 
the damage is always associated with poor operating 
conditions in the furnace, where the charges are in 
powdered form, slags become low in fluidity, and there is 
a lowering of temperature at the tuyére zone. Slag, itself 
cannot cause failure of the tuyére, however long it may be 
in contact, because it solidifies instantaneously and acts 
as an insulating coating. This fact is well known, and an 
illustration occurs at the water-cooled slag gate where 
molten slag has no action, although if any molten iron 
flows a very rapid deterioration of the gate occurs. Further, 
it is known that when the furnace condition becomes poor, 
and the blast pressure is reduced, slag flows out from the 
tuyére, but causes no damage, though again should molten 





iron flow the tuyére would be rapidly damaged. Thus, if 
in normal working slag makes contact with the tuyére 
head, it freezes at once and forms an insulating coating 
over the place of contact, and no damage results even 
though molten iron comes in contact afterwards. If, 
however, molten iron makes contact in the first place, it 
does not freeze in the same way owing to its greater thermal 
conductivity, and the tuyére becomes overheated at the 
point of contact. As a result the temperature of the cooling 
water rises, there is an evolution of air bubbles and, finally, 
steam bubbles are formed. The superheating at the contact 
point proceeds to the melting point of the tuyére material. 


Experiments with Aluminium Tuyeres. 

Despite the fact that the staff and engineers at Yawata 
were reluctant to agree to the use of aluminium tuyéres, 
Mr. Hirakawa was convinced that aluminium would over- 
come many difficulties provided superheating could be 
avoided. His view was that superheating is largely a 
function of the smoothness of the inner surface of the 
tuyére, because with a smooth inner surface the bubbles 
evolved are more easily carried away by the cooling water. 
Such smooth surfaces are obtainable by forging or pressing 
the tuyéres, but the very high cost of manufacture excluded 
this process. For this reason he commenced an investigation 
into the possibility of making suitable aluminium tuyéres 
by casting, and he prepared a chill mould for the purpose. 

The method adopted in the manufacture of these 
aluminium tuyéres reduced the cost from 30 yen per piece 
in copper to 4+ yen per piece in aluminium exclusive of the 
material. Including the cost of material and manufacture, 
the total cost of a copper tuyére is 70-50 yen and for 
aluminium 17-5 yen. In addition, with aluminium, the 
end of the iron feed water pipe lasts for a long time, whereas 
with a copper tuyere, in which an iron end is used, rapid 
corrosion takes place. 

In order to test it under normal working conditions an 
aluminium tuyére was installed in a blast furnace. At 
first it was put on the side of the blast furnace where no 
one could have access easily so as to reduce the chance of 
accident. The result of this experimental installation was 
fairly satisfactory, and later it was decided to adopt 
aluminium as the normal tuyére material. 

At a later date, after various investigations, a test 
between copper and aluminium tuyéres operating in 
parallel was carried out on one of the blast furnaces. 
Copper and aluminium tuyéres were installed alternately, 
and parallel running was continued about 40 days. During 
this period nine of the aluminium tuyéres failed, while the 
failures of copper tuyéres amounted to 29. A further 
comparison was made between aluminium tuyeéres of special 
and ordinary type, and in view of the higher fabricating 
cost of special tuyére it was decided to use the ordinary 
type exclusively. 


Influence of Furnace Operation. 


Tuyére failure is always associated with the furnace 
operating condition known as partial “roh gang,” and 
if this can be prevented the number of failures is greatly 
reduced. Observations have shown that failures occur 
more frequently when the blast pressure and velocity are 
higher, and that there is an intimate relation between these 
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quantities and the number of tuyére failures. The quantity 
and temperature of the cooling water aslo has a considerable 
influence on failures. If the temperature of the cooling 
water rises to 45° C. bubbles begin to appear from any spot 
in the tuyére, subject to superheating, and when the 
temperature reaches 60° C. the bubbles appear not only on 
the superheated spot but over all the inner surface of the 
tuyére. Accumulation of these bubbles is promoted by 
low water pressure. Although the best temperature of 
exhaust water is claimed to be 45°C., experiments have 
shown that aluminium tuyéres cannot be damaged even 


HERE is much of technical interest at the Annual 

i Conference of the Institute of British Foundrymen, 

to be held at Cardiff from June 20 to 23 inclusive. 
This will be the first time that the Wales, Monmouth, and 
West of England Branch of the Institute has been 
responsible for the arrangements of an annual conference 
and those who purpose attending this conference can be 
assured of having a profitable and interesting time. Of 
more than ordinary interest will be the paper on mechanised 
foundries, which is submitted by Mr. F. J. Cook. Although 
there has been delay in this country in taking full advantage 
of mechanical progress, but during recent years much 
greater interest has been shown and many foundries have 
been partially, and a few wholly, mechanised. Those who 
visited the Foundry Exhibition recently, and who witnessed 
the cinematograph films on August’s stand, could not fail 
to appreciate the progress that had been achieved. There 
are several features about this paper which should appeal 
to those attending the Conference. 

Sands have been under consideration by the Sands and 
Refractories Sub-Committee of the Institute for many 
years ; during the last two years it has been investigating 
methods of testing green sands. A report on this work, 
particularly with regard to routine methods for testing 
green sands, will be presented. 

Considerable attention is given to alloy cast iron, which 
seems to indicate the developments in the application of 
these materials to meet the need for higher physical 
properties. It is interesting to note that two papers on 
alloy cast iron are exchange papers, from Germany and 
America. Dr. Ing. Carl H. Pfannenschmidt is responsible 
for the German exchange paper dealing with alloyed grey 
cast iron, and since economical considerations influence the 
choice of alloys employed the question of cost is discussed, 
In the American paper, by Mr. F. B. Coyle, American 
progress in the use of alloys in cast iron is discussed. 
Considerable development has been made in America in 
the use of alloy cast irons, and since remarkably good 
results have been achieved, this paper will probably supply 
useful information that will assist in the development of 
technique for similar results to be achieved in this country 
as general practice. 

Heat-resisting cast irons fall into four groups—viz., 
certain types of white iron, used because they do not show 
grain growth at high temperatures ; low silicon and carbon 
irons that contain negligible quantities of phosphorus ; 
high silicon irons of the “ Silal”’ type ; and the recently 
developed austenitic irons. A general review of the whole 
subject will be presented in a paper by Mr. E. Morgan, of 
the British Cast Iron Research Association, from the point 
of view of the various types of heat-resisting cast irons that 
have been developed during recent years. The author will 
also indicate how the different kinds of cast irons muy be 
used to advantage with regard to various aspects of service 
conditions. 

The constantly growing field of technical applications of 
aluminium and its alloys has made it increasingly necessary 
to be able to vary the surface, to provide for such require- 
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with a temperature of 60° C., provided that no surpeheating 
occurs. In these experiments the water pressure was 
reduced to 12 lb. per sq. in., and the temperature of the 
exhaust water rose to 60° C. ; this condition was continued 
over a month, but no failures occurred. As a result of these 
experiments it was concluded that the most important 
factor in the prevention of damage to the tuyére is the 
control of the blast velocity. 





_ Fuller information regarding the results of these experiments 
is contained in an abridgment of the paper issued by the British 
Aluminium Co., Ltd. 








ments as decoration, protection, etc. Decorative surface 
treatment has made great advances. To-day metal objects 
generally can receive at the manufacturer’s hands, quite 
apart from the craftsman’s or artist’s work, as great a 
range of colour and decorative effects as those in any other 
media. It is thus of interest to note that the subject of 
anodic treatment and dyeing of aluminium castings will 
be discussed by Mr. N. D. Pullen, who will direct attention 
to factors in producing a uniform film that are under the 
direct control of the foundry and upon which so much 
depends. 

It seems natural that coking practice should form the 
basis of a paper since the Conference is being held at 
Cardiff. At the last Conference held at Cardiff, Dr. R. H. 
Greaves gave a review of the coking practice in the South 
Wales District, and on this occasion Dr. W. R. D. Jones 
wi'l review the progress and development in South Wales 
since 1912. South Wales coke manufacturers have kept 
pace with modern developments and requirements, with 
the result that it still provides, as it did in 1912, coke 
specially suitable for foundry work. Much progress has 
been made during the period under review and this paper 
should provide useful discussion. 

The French exchange paper will deal with time studies 
in foundry work and will be given by M. V. Bernard. It 
is appropriate that mechanised foundries and time study 
should be subjects for discussion, for each have the same 
object—viz., to reduce the cost of production. Timing has 
a definite value in any scheme, since it is the only means 
of determining the relation between work performed and its 
remuneration. As soon as it is possible to define the 
relationship between the two, costs are more easily calcu- 
lated. The author describes a system which has been 
employed at the Rosieres Foundries for the past twelve 
years and has been applied to all repetition work. His 
conclusions are of special interest and should be duly noted, 
but whether such a timing system would be effective here 
is questionable. 

A very interesting programme of visits has been arranged 
for both members and their ladies, and this year’s Con- 
ference should be a memorable one. 





Correction. 


In the brief description of the metallographic microscope 
exhibited by E. Leitz (London) at the Foundry Trades 
Exhibition, to which we referred in the April issue of this 
journal, it would seem that the dark ground illuminator 
converts the microscope MM into a proper polarizing 
microscope for reflected light. This obviously is incorrect, 
as the dark ground illuminator has nothing to do with 
polarized light, but is interchangeable with the ordinary 
vertical illuminator. To obtain polarized light another 


outfit with Nichol prisms is required, but any of this 
firm’s models can be converted to a polarizing microscope 
if it is returned to the works at 20, Mortimer Street, 
London, W. 1. 
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Repairs to Steel Furnaces 
By Walter Lister 


The service from steel furnaces depends on the treatment to which they are 
subjected, but the method of carrying out necessary repairs has an important 


influence. 


BASIC hearth, well put in, will remain in good 

condition, with due care and attention, for three 

or four years. I have known them last six years, 
and, on the other hand, I have known bottoms in very bad 
condition after only six months’ working. It ali depends 
on how they are put in and the treatment they receive 
afterwards. 

The time to change the bottom is when the furnace is 
shut down for renewal of the regenerating chambers, and if, 
on one of these occasions, it is decided to put in a new 
bottom also, the first thing to do after removing the roof 
and side walls is to take away the front castings. This will 
expose the magnesite bricks of the 
front lining so that these can be easily 
removed and stacked ready for further 
use. Care should be taken to get them 
out whole as much as possible, but any 
broken ones can be sent to the mill 
to be ground to powder. After the 
front bricks are all removed, as many 
as possible should be taken out from 
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Repairs to basic hearth furnaces are discussed in this article. 


three—namely, the basic brick bottom, the rammed bottom, 
and the burnt-in bottom, giving my views on each. 

The Basic Brick Bottom.—This bottom is made of com- 
pressed dolomite bricks. The dolomite is ground in a 
mill and mixed with just sufficient well-boiled tar to cause 
it to bind solidly when pressed with the foot. It is then 
fed into moulds the size of the brick required, and sub- 
jected to a pressure of at least 500 1b. to the square inch. 
The result is a hard compact brick of dolomite, the most 
convenient size being 12in. x 8in, X 8in. These need 
not be burnt or treated in any way, but as soon as a 
sufficient quantity is made, they should be at once removed 
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underneath and from the ends. When 
the bricks under one end are entirely 
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removed, a ball or “‘tup” should be 











lightly dropped on this portion by means 
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of the crane or charging machine. By 
this means pieces can be broken off. 
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More bricks should then be removed 











and the use of th» “tup” repeated. 
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By continuing this process, the whole 
vf the bottom can be entirely broken 
up and removed piecemeal, unless it is very badly mixed 
with steel, when probably it will resist all attempts at 
breaking and will have to be lifted out bodily. 

'f there is much difficulty in breaking pieces off, owing 
to embedded scrap, a few buckets of water poured over 
the place will sometimes loosen the mass sufficiently to be 
broken off. Of course this remark does not apply to acid 
bottoms, on which water would have no effect. 

When the old bottom has been entirely removed and the 
bricks cleaned out, the castings can be replaced and the 
work of rebuilding commenced. The furnace will have to 
be rebuilt now from the bottom plates. When putting in 
the magnesite course, the bricks should be laid with as 
little mortar (magnesite) as possible. A good plan to make 
them set tightly together and adhere to each other, is to 
mix the magnesite powder into a mortar with dilute 
hvdrochloriec acid. 

When the furnace proper is rebuilt, coke fires in grates 
should be placed inside the furnace in order to dry the new 
brick-work of the hearth. These should be kept in for 
two days, during which time the work of putting in new 
chequer bricks in the chambers can be.going on. 


Putting in the New Bottom. 

After drying, the furnace should be well swept out, and 
all the magnesite bricks painted with a thick coat of well- 
boiled tar, preparatory to commencing the laying of the 
hearth. There are only two materials in general use for 
making a basic hearth—namely, dolomite and magnesite. 
Dolomite hearths are by far the most common, and, if 
properly made, give the best all-round results for all 
processes. I have used three different ways of putting a 


basic bettom in, and it may be of interest to describe all 


Fig. 1. Section through the tap-hole showing the hearth made with basic bricks. 


to the furnace and then built into the bottom. 

A layer is first put on the magnesite course, on end, 
laying them as closely together as possible, but as they 
do not lay as compact as ordinary bricks, it is necessary 
to fill in the interstices with fine ground dolomite. Being 
put on end, this layer will be 12 in. thick, and will be 
almost level with the bottom of the tap-hole or where the 
bottom of the tap-hole ought to be. The next step is to 
build up the banks, and this is done by building up the 
bricks in tiers of successively decreasing width until the 
top course is half a brick wide and reaches to just below 
the level of the door sills. Usually, five courses of basic 
bricks are necessary for the banks, the bottom tier being 
three bricks (32 in.) wide, each succeeding course being 
one brick (8 in.) narrower, the top course being half a 
brick (4 in.) wide. 

These half bricks (12 in. x 8in. x 4in.) are made at 
the same time as the others, it being easy to calculate how 
many of each will be required for any given dimensions. 

A good way to finish the top of the bank is to run one 
course ot chrome bricks all round, or even finely ground 
chrome ore mixed into a paste. This protects the dolomite 
bank from the corrosive effect of any silica that may run 
down from the walls. 

In building the back bank, a space must be left for 
ramming the tap-hole, which is the last job done. After 
the bricks are all laid ir position, a layer of tarry dolomite 
is rammed ail over the bottom, using hot rammers and 
sloping from the ends and front towards the tap-hole, the 
bottom of which is now also made. The thickness of this 
1ayer should be about 2 in. at the tap-hole and 4 in. to 5 in. 
at the ends and the front. Now proceed to make the tap- 
hole by inserting a wooden core or plug at the proper slope 
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and ramming tap-hole mixture round it, hard and compact 
with hot rammers. Ram as high as the arch of the tap-hole 
opening, and then finish off the bank with the basic bricks. 
The tap-hole mixture is 50% magnesite and 50°% dolomite. 
Half the magnesite is pea-size and half fine powder. A 
tap-hole made with this mixture will be found to remain 
very hard and compact, and very durable. 

This is a very quick way of putting in a bottom; the 
bricks can be laid in one day, the ramming and tap-hole 
can be done in half a day, gas introduced on the third day, 
the furnace ready for slagging on the sixth day, and 
fettled all round and charged on the seventh day after 
commencing. 

If the bricks are well made under sufficient pressure, the 
bottom is very durable, and I have worked with bottoms 
made by this method that have kept in good condition 
for four years and only commenced to give trouble in the 
fifth year. Their average life is easily three years. 

Hand Ramming.—In this method the dolomite may be 
either ground and mixed with tar in a revolving mill, or the 
ground dolomite may be mixed separately with the tar on 
the platform in front of the furnace. If a suitable mill is 
available I recommend the former method, but if this is 
not convenient, the second method gives quite good 
results, providing the tar is well boiledj‘and used hot, and 
the rammers also well heated. : 


JUNE, 1933. 


commencing to being ready for charging, will take about 
ten days on a 60-ton furnace. 

In both this case and in the method previously described, 
after gassing and when the furnace is sufficiently hot, dry 
dolomite should be thrown round the banks on the ledges, 
and well burnt in, after which the whole of the hearth 
and banks should be well saturated with good clean slag 
before charging. 

Hearths made by this process are not so durable as 
those made with compressed bricks, seldom lasting more 
than two years—in fact, it is cheaper in the long run to 
change them every twelve months. 

Diary of Progress.--The following is an actual diary of 
the operation of ramming a basic furnace hearth. The 
bottom of the furnace had been previously bricked out 
in such a way as to take the shape of the hearth, as shown 
in the sketch, Fig. 2. While the dolomite and other 
materials were being prepared, the bricklayer lined the 
lander (one bricklayer and one labourer). In lining the 
lander, magnesite bricks of ordinary size and shape were 
used for the bottom, from the tap-hole opening as far as 
the trap-door, being placed on edge, thus making the 
bottom 4}in. thick. The height of this course will be 
2 in. above the level of the furnace bottom. The tap-hole 
cover was then placed in position, as shown in the sketch, 
Fig. 2. 

Record of the Work. 
Saturday.—Ramming com- 





menced at 11-0 a.m. The 
height of the hearth was first 
of all marked off on the side 
walls in two or three places, 
back and front, 300 mms. (12 








Side View 


2. Stove for heating dolomite. 
consist ef scrap bars, 


The reason for the necessity of the tar being well boiled 
is to drive off the moisture which it always contains as 
delivered from the gas works. If this precaution is not 
taken, the water in the tar will decompose the dolomite 
and the result will be a very troublesome bottom. 

In ramming, start at each end of the furnace simul- 
taneously and work towards the tap-hole. Ram a layer 
on the bottom until the level of the bottom of the taphole 
is reached, Fix the wooden core or plug in the tap-hole 
opening, leave two men to ram the tap-hole while the 
others slope the hearth. The proper way to ensure the 
necessary thickness and slope is to have two wooden 
templates, one for the cross-section and the other for the 
longitudinal section. By fitting these on as the work 
proceeds, it can be easily seen where more dolomite is 
required. 

When the hearth is finished, work can commence on the 
banks. As this progresses, it will be necessary to fix 
wooden supports at intervals in order to get the necessary 
thickness and hold the ramming in position. At least three 
tiers will be required to get the proper height and leave the 
top of the bank 3 in. or 4 in. thick. It is a mistake to try 
to ram hearths without these tiers or steps, although I 
have known many cases of it being done. Without steps 
and supports, the result is that the banks are too thick at 
the bottom and too thin at the top. A thick bottom 
reduces the capacity of the furnace and a thin top is liable 
to be cut away and cause a bad boil. 

When the tap-hole opening isrammed, the bank above it 
can be completed with the rest by means of the supports, 
after which chrome bricks or chrome ore can be laid on 
top. 

This method of making the bottom takes longer, due to 
the extra time taken in ramming. The whole work, from 
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(A) Piece of rail fer supporiing firebars. 


in.) from the magnesite brick 
bottom. The calcined dolo- 
mite was heated in small 
quantities in a_ stove, as 
shown in the sketch, Fig. 2, 
and mixed with well-boiled 
tar, near to the furnace. Three 
men worked at each end of the 
furnace and two in the tap-hole, while two men heated 
and mixed the dolomite. For the ends of the hearth, 
dolomite only was used, for the middle a mixture 
of 75% dolomite and 25°, magnesite, while for the tap- 
hole 50%, dolomite and 50°, magnesite was used. Work 
was suspended at 10-0 p.m., when about 3in. had been 
rammed all over. 

Sunday.—Commenced work at 6-0 a.m. Fixed the tap- 
hole plug in position and continued ramming as before, 
with the same mixture. Work suspended at 2-0 p.m. ; 
14 men employed ; about 7 in. rammed. 

Monday.—Work commenced at 6-0 a.m. Finished the 
bottom 12 in. thick at 2-30 p.m. At 3-0 p.m. fixed the 
first step 225 mms. high all round. The magnesite used 
on the tap-hole was half fine powder and half pea-size. 
Work was suspended at 10-0 p.m.; six men employed. 

Tuesday.—Work commenced at 6-0 a.m. Finished 
ramming the first step all round at 9-0 a.m, Fixed the 
second step and finished the ends level with the ports, using 
only one step. Work suspended at 10-0 p.m.; five men 
employed. 

Wednesday.—Fixed the third step at the back side. 
Finished ramming the front and ends. Finished ramming 
completely at 10-30 a.m. Wood fire in at 11-0 a.m. Fires 
lighted at bottom of each chamber. Five men employed 
6 to 10-30 a.m. 

Thursday.—Wood firing ; two men employed. Furnace 
warming up well; all the tie-bars slackened. 

Friday.—A lot of expansion of the brick-work longi- 
tudinally ; a few cracks showing. Lut up the gas pro- 
ducers at 1-0 p.m. Turned the gas into the chimney after 
well luting up the gas valve and gas-box cleaning doors. 

Saturday.—Furnace ready for gassing. Closed the fire 
openings in the chambers at 7-30 a.m. Put the valves on 
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one end at 10-0 a.m. Fed a lot of small wood and tarry 
matter, reversed and put the gas in at 10-30 a.m. Lighted 
a fire in the lander to burn out the tap-hole plug. Reversed 
every hour; no air on. 

As regards the remark about turning the gas into the 
chimney, this only applies to a furnace working indepen- 
dently from its own gas supply, and not one of a battery 
working from a common main. 


Use of Pneumatic Rammers. 

Better results are obtained by using pneumatic rammers 
instead of hand-ramming. By means of these tools the 
bottom can be put in much more quickly and rather better 
than can be done by hand-ramming. The difficulty and 
inconvenience of heating these rammers can be overcome 
by previously heating the dolomite. A stove is 
built on the platform near to the furnace, of rough brick- 
work, allowing the necessary openings for draught. On this 
is placed a shallow cast-iron plate about 6 ft. square, with a 
ledge all round for containing the dolomite. A coke fire 
is built under the plate and the dolomite spread in a thin 


A. Sheffield 


Apart from London it is questionable whether any British 
city is so widely known as Sheffield. This has been earned 
because of the predominant position Sheffield has occupied 
in regard to cutlery, which has been manufactured since 
olden times. As far back as the 14th century Chaucer 
referred to the “ Sheffield whittle,” or common knife, while 
the Cutlers’ Company of Hallamshire, which has a national 
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layer on top, about thirty shovels each time being sufficient. 
By turning it over with rakes a few times, the dolomite is 
soon hot, and when too hot to bear touching with the bare 
hand it is taken off the plate and mixed on the platform 
with hot tar, turning it over a few times with shovels until 
the whole is uniformly mixed. By mixing only a small 
quantity each time, and using it immediately while hot, 
the necessity of using hot rammers does not arise, and 
pneumatic rammers can be used cold. By this means a 
bottom can be rammed completely in 36 working hours. 

If the dolomite is of poor quality—that is, deficient in 
magnesia content and probably high in silica,—the de 
ficiency can be remedied by mixing it with a good magnesite, 
but I do not recommend a proportion of more than one- 
third magnesite to two-thirds dolomite in a rammed hearth. 
In a hearth to be burnt in, a proportion of 50% magnesite 
to 50% dolomite can be used, and will give good results 
(rather better than dolomite alone when cold charging is 
the general practice), but when hot charging is the rule, 
I prefer the pure dolomite bottom. The burnt-in bottom 
will form the subject of the next article. 


Invitation 


City is justifiably proud, but the civic authorities, together 
with her manufacturers, heads of commerce and trade, 
believe that the world knows too little of the progress and 
achievements of their City and have organised a special 
week so that visitors may obtain a glimpse of the working 
of this great steel City. From the opening ceremony on the 
morning of June 24 until midnight on Juiy 1, Sheffield 





Forging a hollow vessel with the aid of an 8,000-ton press 
at the works of The English Steel Corporation Ltd, 


reputation, was founded in 1624, and the annual feast is 
claimed to date from that time. Until about the middle of 
the 18th century Sheffield made relatively little progress 
and was a poor place, but the development of the steam 
engine, machinery of every kind, and various processes for 
the manufacture of steel in which her citizens played an 
important part, the progress of the town became very 
rapid, and eventually it was recognised as the capital of 
steel. 

At the present time Sheffield has an outstanding indus- 
trial position. In spite of a heavy fall in the demand for 
armaments, one of Sheffield’s chief lines prior to and during 
the Great War, and notwithstanding the deepest depression 
in the age of steel shipbuilding (an industry which means 
much to Sheffield), this city, with its adjacent industrial 
area, has a bigger output, and a more valuable trade, as 
compared with pre-war times, than any other steel-making 
district in the world. This is an achievement of which the 








An ingot being shaped at the cogging rolls and first roughing 
stand of the finishing rolls at works of The United Steel 
Companies Ltd. 


will be “* at home,” and its citizens will do their utmost to 
present to their guests interesting views of the city, its 
products, its shops and municipal undertakings. 

There is no side of Sheffield’s multifarious activities 
which will not be shown. Exhibitions of the manufactures 
of the lighter trades will be arranged. Products of the 
heavy industries are to be placed on the main streets. 
Visits to various types of works are also being arranged. 
In addition, there is a comprehensive daily programme of 
attractions. 

This special week offers a great opportunity to witness 
some of the machines engaged in the heavy industries and 
those who have not previously had the opportunity of 
seeing how Sheffield has achieved success and become 
associated with all that is best, not only in this country 
but throughout the civilised world, should take advantage 
of the invitation and visit the city. It will be an instructive 
and memorable week. 
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Preparation of White Gold 


An alloy is discussed which, in regard to physical properties, resembles 
platinum; it has the advantage of a lower cost. 


(Specially Contributed ) 


rise to the introduction of numerous substitutes, and 

of these probably the most popular is that of white 
gold. This alloy has many physical properties which 
resemble platinum, and, possesses the great advantage 
of being white in colour, and developing a high lustre. 

After a considerable amount of experimentation had been 
conducted, it was realised that no single melting operation 
could furnish the finished alloy. As a result, the work 
was divided into two operations, the first of which provides 
a primary alloy, after which this is remelted with a large 
proportion of gold whereby the white gold is produced. 
This work is conducted preferably in plumbago pots in a 
wind furnace. 

The second operation is not of much importance, but 
more time must be devoted to the preparation of the primary 
alloy. This consists of an alloy of gold, nickel, zinc, copper, 
and manganese. These are weighed out in the required 
proportions, preferably in the form of pellets or granules. 
Tt is sometimes necessary to have the constituent metals 
reduced to small size by graining prior to weighing out. 
This is done by melting the metal in a small crucible, and 
pouring into a pail of cold water with constant stirring. 

After drying, the pellets of metal are in suitable con- 
dition to be weighed out accurately. In the ordinary way, 
gold alloys with most metals, but the resulting alloy does 
not possess sound physical or mechanical properties except 
in unusual circumstances. The comparatively small pro- 
portion of copper added to the foregoing alloy toughens it 
in the same manner as it does with carat gold. Nickel 
hardens the metal, and also adds to its corrosion-resisting 
properties. 

About 1% of manganese is added, which assists in 
bleaching the golden colour from the alloy. In order to 
protect this manganese from undue oxidation during 
melting, zinc is added as a deoxidiser, and unites com- 
pletely with all the other ingredients present. 

The coloured metals—i.e., gold and copper—represent 
almost half of the constituents present, yet the resulting 
alloy is pure white in colour. This, to some extent, re- 
sembles the action of zinc on copper in the preparation of 
white brasses. 


QO" recent years the high cost of platinum has given 


Making the Alloy. 

The procedure adopted in preparing the alloy is com- 
paratively simple. The pellets of gold, copper, nickel, and 
powdered manganese are mixed together and melted, after 
which the zine addition is made last, in order to reduce 
the volatilisation loss of the latter metal as far as possible. 
After some experience has been gained, at least a large 
proportion of the zinc may be added at the commencement, 
and in some cases all of it. Under ideal conditions the alloy 
should not lose more than 3% on melting. 

In order to ensure the best conditions for melting, where 
a coke fire is used, the pot employed as the receptacle 
should be heated to at least incipient redness prior to 
adding the small charge. 

The metals are weighed off, using an accurate heavy 
balance, and transferred to a scoop, from whence they 
are thrust into the crucible. 

The crucible is covered with a well-fitting lid, fresh coke 
added until above the level of the lid, and the draught 
allowed to raise the heat to the desired temperature. Gas- 
fired furnaces provided with an air blast will act equally 


well, but for larger quantities the coke fire is more 
economical, and melts the alloy in a shorter space of time. 
In view of the fact that the primary alloy has to be re- 
melted, the alloy is sometimes grained by pouring into 
water as before. The granules of metal thus obtained are 
weighed out with accuracy for the final stage of melting 
with a large proportion of gold. 

This simply consists of weighing out 25% of the primary 
alloy, and 75% of bright gold, melting in the same pot, and 
pouring intoa bar. This final melting requires no handling, 
but as a rule the mass is stirred up with a carbon rod prior 
to pouring. 

For the preparation of soft eighteen carat white gold, 
the primary alloy used is composed of the following :— 


o/ 


EN eciicate senbmiabietee nannies 37-00 
ere a fe COE, OE Te a eee 38-10 
ENN ewaKuetecsacdasisasnteteeeae 16-40 
ree er te eee 7-10 
ea ee ee eee 1-40 

100-00 


In order to make the hard eighteen carat white gold, the 
same ingredients are used, but in different proportions. 
Although nickel in the ordinary way tends to harden the 
alloy, it does not in any way impair the other physical 
properties of the metal. Copper is reduced which thus 
removes the softening influence, whilst the zine content is 
materially increased. The small content of manganese 
is also increased. 

The following is the composition of the primary alloy for 
hard eighteen carat gold :-— 


o/ 
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EE carsirah iva Dion ie cack wan mani ili alee 37-40 
EE Wkcaten need ee neces eons 44-50 
GE scccccuvabetviseosevesesetes 5-00 
 cceaWeruket cond eeehheatesaad cae 11-10 
ED 6 ntinvneeee eee buted osen ke 2-00 

100-00 


In conclusion, it should be added that an analytical test 
readily shows the difference of the alloy from platinum, 
whilst examination under the microscope at once reveals 
the difference. To the naked eye, however, the metal 
resembles platinum in nearly all respects, and resists acid 
corrosion to a fair extent. 

The alloy possesses all the physical properties which 
permit of it being readily worked or machined either in 
hot or cold condition, and it is employed as a mounting 
for innumerable precious stones, etc., etc. As will be 
observed by noting the constituents of the composition, 
the cost of preparing the alloy, apart from the gold addition, 
is comparatively trifling. 





Obituary. 


The many friends of Mr. Arthur E. du Pasquier will have 
heard of his death, on May 20, with regret. Mr. du Pasquier 
was manager of the publicity department of Metropolitan- 
Vickers Electrical Co., Ltd., Trafford Park, Manchester, a 
position he had held for about 13 years. He was a man of 
many interests and a charming personality. He will be missed 
very much by a wide circle of friends by whom he was held in 


high respect. 
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The Mechanical Properties of Some 
Austenitic Stainless Steels at Low 
Temperatures 


A range of austenitic nickel-chromium steels has been tested at various temperatures 
down to — 180°C. with the object of determining their mechanical properties and 


their capacity to resist high stresses at low temperatures. 


The work was carried out 


by E. W. Colbeck, M.A., W. E. MacGillivray, Ph.D., and W.R. D. Manning, M.A.., 

in the Research Department of Imperial Chemical Industries (Alkali), Ltd., Northwich, 

and the results are published in a paper recently presented at a meeting of the 
Institution of Chemical Engineers. 


T is more common to make use of heat than intense 
I cold. For this reason the mechanical properties of 
metals at low temperatures have not been studied so 
extensively as those in the higher ranges. Occasionally, 
however, metals are required to resist high stresses at 
temperatures as low as the boiling point of liquid air; it 
may, for instance, be necessary to subject some substance 
to a high pressure, while maintaining it at a very low 
temperature.- Literature on the mechanical properties of 
metals and alloys under these conditions is briefly referred 
to in this paper, but the main object of the investigations 
carried out by the authors was to fill in some of the gaps 
in the present-day knowledge of the subject. 

Very little information appears to be available on the 
behaviour of the well-known austenitic stainless steels 
under these conditions, although the results obtained with 
nickel-iron alloys of high nickel content, and with the 
nickel-manganese steels, suggest that they would have 


The results of a few control experiments with Armco 
iron, mild steel, and nickel-chrome-molybdenum steel are 
included. The figures obtained are in good agreement with 
those of previous workers. 

All the steels used in this investigation were analysed, 
and are given in Table I.; and careful attention was given 
to the preparation of test-pieces. A special testing machine 
was prepared and fitted with a constant temperature bath. 
This machine, together with a special extensometer, is 
described. 

Specimens were submitted to tensile and Izod tests at 
temperatures ranging from room temperature down to 
— 180° C., and the results are tabulated and also shown 
graphically. The results of magnetic tests and of examina- 
tion of the microstructure of specimens are also tabulated. 

In discussing the results, the authors state that those 
obtained for Armco iron and the low carbon steel are in 
good agreement with the results recorded by other workers. 


TABLE I. 
ANALYSIS OF MATERIALS USED. 





Material, Source of Supply. Mark, 
BEES. xia iansidan’e ere A 
i CC eccccétccl 8 §=8§8= 9 Weamrmeedia’ L 
DME cstceneccoel  °  Sabedenleaen V 
ee GE, coo dsadecees's ae AN 
I Ud ce io shits Wb ec H.f. Induction furnace X 91 
nee X 95 
Fy SO OO ee X 96 
Ni-Ce-Bim Gtool ....cccecee X 92 
fe X 98 
ere ee ere X 99 
keer ‘ X 100 
3 eee X 101 
SO” ere X 102 
Neer X 103 

X 104 


Ni-Cr Steel 





* Contains 0-64% molybdenum. 
+ Contains 0-25°%, vanadium and a trace of titanium. 


C, 
0 
0 
0 
0 
0 
0 
0 
0 
0 


%. Si, %. 8, % r, & Mn, %. Ni, %. Cr, % 
035 Trac ¢ 0-016 0-003 0-02 

“13 0-17 0-040 0-042 0-68 . 

-33 0-16 0-012 0-035 0-64 2-54 0-67 

17 10-1 15-8 

‘ll 10-5 15-6 

‘ll 11-5 16-2 

-06 4-07 10-05 13-45 
-43 3°65 10-2 13-8 

‘11 0-22 0-019 0-005 0-52 9-90 13-70 
‘11 0-25 0-019 0-005 0-49 10-05 18-3 

SB 12-0 12-67 
-il 12-0 14-7 

‘ll 13-8 12-2 

oe _ 14-0 14-15 
“11 15-92 12-25 


Since all the meits in the high-frequency induction furnace were made from the same raw materials it was only considered 
necessary to analyse two of the casts for silicon, sulphur, phosphorus, and manganese. 


very desirable properties. The authors found, as the result 
of a few isolated tests on this type of material, that its 
resisting qualities at low temperature were remarkable. 
Work by Krivibok and Gensamer! suggested, however, 
that these alloys were not stable, and would tend to revert 
to a martensitic structure on prolonged exposure to liquid 
air temperatures. This was evidently an important point, 
since they might be liable to lose their cold resisting pro- 
perties in service. The microscopic examination of a large 
number of specimens was made to study this point. The 
specimens were immersed in liquid air for varying lengths 
of time. Magnetic tests were also carried out on them. 
Much of the published work deals with the resistance of 
metals to shock at these temperatures, and this aspect has 
also been studied by the authors. Here, again, many of 
the austenitic stainless alloys behave in an exceptional 
manner. 


1 Krivibok and Gensamer, Am. Inst. Mining and Met. Eng. Tech. Publ., 434 (September 
1931). 





D 


The ultimate strengths at liquid air temperatures are 
similar to the results reported by Hadfield? for such 
materials. The improvement in ductility, measured by the 
elongation of the specimens between room temperature and 
~ 70° C., has already been observed by Schoenmaker,? who 
found an increase in the elongation of a 014% carbon 
steel at — 30°C. The presence of small amounts of carbon 
appears to increase the ductility of iron at — 180° C., the 
pure iron specimens showing no ductility at this tempera- 
ture, whilst the 0-13° carbon steel still has an elongation 
of over 25% and considerable reduction of area. 

The authors have been unable to trace any previous 
work carried out on _ heat-treated nickel-chrome- 
molybdenum steels at these temperatures, but this material 
whilst increasing appreciably in tensile strength shows 
very little change in elongation between room temperature 
and — 180°C. Previous results reported for an oil-hardened 








2 Hadfield, J. Iron and ‘Steel Inst., 67, 147 (1905-1). 
3 Prelim. Commun, of the New Inter. Ass. for Testing of Materials. 





YL RS a A ee 


T 22 


bed 


58 METALLURGIA 


and tempered 3°, nickel steel show similar increases in 
tensile strength and yield-point, but with this steel the 
elongation is almost halved at — 180°C. However, there 
has been a considerable falling off in its impact value 
between — 120 and — 180°C, 

The results for the austenitic nickel-chrome steels in all 
cases show that the tensile strength is progressively in- 
creased from room temperature to — 180°C., the tensile 
strength and the yield-point at the latter temperature 
being between two and three times as great as at room 
temperature. Tensile strengths as high as 110 tons per sq. in. 
have been recorded at — 180°C. The yield-point at room 
temperature is very low in these materials, lying between 
10 and 15 tons per sq. in. At liquid air temperatures this 
has risen to slightly over 30 tons per sq. in. in most of the 
steels examined. 


6 68lh6UWlClo1 lids DO see 
mium. 


Per cent. Chro: 
After Liquid Air Treatment. 


*) No Martensite. 
Martensite Austenite. 


Displacement of the Strauss-Maurer line after prolonged exposure 
to liquid air temperatures. 

In all the steels examined, except X 98, a peak occurs in 
the elongation curve at temperatures between — 20°C. 
and — 120°C. The reduction in area curves show a falling 
off between — 120°C. and — 180°C. The highest tensile 
strengths and the lowest elongations are found in those 
steels whose micro structure reveals increasing quantities 
of martensite after soaking in liquid air. As would be 
expected, the elongations and reductions in area are lower 
in these materials when tested at liquid air temperatures. 
Those steels which retain a completely austenitic structure 
and show no return of ferro-magnetism after treatment at 
- 180° C. have surprisingly good ductilities when tested at 
that temperature, elongations of over 50% being obtained 
with some of the steels. 

Attention is drawn to the powerful stabilising action of 
manganese. Ingot X 96 is almost identical in composition 
with ingot X 98, with the exception of the addition of 4% 
of manganese. This amount of manganese has been 
sufficient to ensure that the ductility and the resistance to 
impact of the material is satisfactorily preserved down 
to — 180°C, 

The effect of an increased proportion of carbon on these 
nickel-chrome-manganese steels is shown in a comparison 
of the results for X 92 and X 96, the former containing 
0-43°%, carbon in place of 0-06°, carbon in the latter. The 
results of these two steels show that at room temperature 
X 92 is more brittle than X 96; it has a higher yield-point 
and ultimate strength, but lower elongation and reduction 
in area. The Izod impact test results show the embrittling 
action of carbon at room temperature. The effect of appre- 
ciable quantities of free carbides is even more marked at 
liquid air temperatures. X 92 shows an increase in the 
yield-point, and a decrease in the ultimate strength com- 
pared with X 96 at this temperature ; the elongation and 
reduction in area both fall off to 14%, and the resistance 
to impact is reduced to the low figure of 14 ft.-lb. 

The results are of considerable interest, since they show 
the powerful embrittling action of carbon. The authors 
stress the importance of a low carbon content in these 
special steels, which should be below the maximum solu- 
bility of carbides in austenite. 

Further confirmation of the embrittling action of mar- 
tensite is provided by the impact test results. If these are 
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considered in conjunction with the microstructure and 
ductility observations, they show that those steels which 
2ontain the greatest amount of the second phase (a) give 
the lowest impact test results when tested at — 180°C. 
Overstrain even at room temperature will produce mar- 
tensite in these nickel-chrome steels, and there appears 
tittle doubt from the results that low temperatures will 
increase this effect. The combined effect of overstrain 
and low temperature may well be expected to produce 
embrittlement in the course of time, particularly in those 
steels which do not remain stable on prolonged soaking. 
In view of their relatively low yield points, the possibility 
of localised overstrain and consequent embrittlement 


occurring in fabricated parts should not be overlooked. A 
tentative effort has been made to draw the Strauss-Maurer 
line after treatment at — 180°C. and, if the best ductility 
and resistance to impact at low temperatures in these 
special nickel-chrome steels is required, it is advisable 
to choose alloys which lie to the right of the dotted line 
plotted in the accompanying graph. 





BRITISH STANDARD SPECIFICATIONS 
Testing of Thin Metal Sheet and Strip. 


The testing of thin sheet metal has presented considerable 
difficulties for some time. A Committee of the British 
Standards Institution have accordingly been appointed to 
consider the question very carefully with a view to arriving 
at a standard method of test. The Committee was con- 
stituted so as to be representative of all the sheet-metal 
sections of the industry, and they have now completed the 
first stage in their work in the issue of a specification for 
tensile testing of thin sheet metal. 

Consideration, has been confined to material up to 
0-08 (14 S.W.G.) in thickness, and the specification provides 
for standard tensile test-piece having a gauge length of 2 in. 
and a standard width of }in. Definitions of the various 
properties usually associated within tensile testing are 
given and their determination in relation to thin metal is 
dealt with. The aceuracy with which the specimens should 
be prepared and the considerations to be taken into 
account in testing are covered by recommendations as to 
the methods of testing. An alternative form of test-piece 
having a gauge length of 8in. is indicated for use in 
exceptional cases. The specification will be helpful in the 
testing of thin metal, and its adoption will overcome many 
of the difficulties that have been met with in the past. 


Fusion-Welded Air Receivers. 

A specification for fusion-welded steel air receivers will 
be received with a considerable amount of interest, as it 
represents the first authoritative specification to be issued 
in this country, which permits fusion welding as a method 
of construction for stressed parts. The specification is an 
addition to the series which have already been prepared for 
steel air receivers, which provide for forge-welded, riveted, 
and solid drawn constructions, respectively. 

The specification for fusion-welded air receivers follows 
the same form as that adopted for these specifications. 
Its requirements provide for the quality of the steel and 
method of construction, formule for the design of the 
thickness of shell and end-plates, details as to the manner 
in which the fusion welding should be carried out, manu- 
facture and testing. Illustrations of the types of joint 
permitted for the longitudinal seams, for the attachment 
of the ends, and of inlet and outlet connection are given in 
detail. Provision is made for the reinforcement of the 
seams wherever possible by means of lacing straps and the 
requirements as to the way in which they should be fitted 
and the dimensions are included. 

Whilst the specifications refer to steel air receivers in 
particular, the clauses relating to fusion welding will be of 
ralue to a much wider field of engineering. 

Copies of these specifications (Nos. 485 and 487, 1933) 
can be obtained from the Publications Department, British 
Standards Institution, 28, Victoria Street, S.W.1, price 


2s. 2d. each, post free. 
pD* 
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American Society for Testing Materials 
Annual Meeting at Chicago. 


Society for Testing Materials, to be held at the 

Century of Progress Fair at Chicago, June 26-30, 
will be one of the most interesting and outstanding of those 
held. In arranging the programme, consideration has been 
given to the unusual number of other activities which will 
be running concurrently with the A.S.T.M. sessions. 
Altogether, fourteen sessions have been planned with more 
than the usual number of simultaneous ones. 

The meeting opens with a joint session of the Society of 
the American Foundrymen’s Association, in which a 
symposium on cast iron will be held, the object of which 
is to provide the engineer and designer with authoritative 
data in concise form on the properties of grey iron castings 
produced by up-to-date methods. The effect of tempera- 
ture on cast iron will be discussed at the second session. 
During the evening of the first day Samuel Epstein, of 
Bastelle Memorial Institute, will be awarded the Charles B. 
Dudley Medal for 1933. This medal is awarded annually 
to the author of the paper presented at the previous meeting, 
which is of outstanding merit and constitutes an original 
contribution to research in engineering materials. Mr. 
Epstein’s paper was entitled, ‘“* A Study of the Embrittle- 
ment of Hot-galvanised Structural Steel.” 


T's thirty-sixth annual meeting of the American 


In addition to committee reports, many interesting 
phases of research work will be given, and papers will 
discuss fatigue and corrosion studies of both ferrous and 
non-ferrous metals. Many of the committee reports will 
be of exceptional interest, containing data secured in 
extensive research investigations, including the results of 
the first inspection of the atmospheric corrosion tests of 
non-ferrous metals and alloys. An unusual number of 
standardization projects are being reported upon. Special 
consideration is being given to make more interesting the 
presentation of committee reports and to expedite the 
handling of routine business. Whenever there are no 
items requiring separate consideration, presentation of 
committee recommendations affecting standards and 
tentative standards will be reported and acted upon in 
groups instead of individually as has been customary in 
previous years, but ample opportunity will be afforded for 
full discussion of any item desired. By expediting the 
sessions in this way, time will be provided for ccmmittee 
chairmen to present interesting informative accounts of the 
current work of the committee. 

At the session dealing with the effect of temperature on 
metals, a paper will be presented on ** Creep and Structural 
Stability of Nickel-chromium Iron,” in which the authors 
discuss creep characteristics of fifteen different alloys 
determined at 870°C. These alloys cover a range of 
chemical composition from 1 to 75% nickel, and from 3 to 
55° chromium. The results are compared with those of a 
previous investigation at 1,000° F. (540°C.) on similar 
alloys. While another entitled “Studies on Creep of 
Metals Using a Modified Rohn Test,’’ discusses the develop- 
ment of the Rohn form of creep test as a means of studying 
the potential creep characteristics of metallic alloys. 
Consideration is given to improved temperature control and 
to the importance of temperature gradients in the test 
furnace. The experimental data are taken from observa- 
tions on pure metals—iron, nickel, and cobalt. 

Of interest in the session allocated to a discussion of the 
fatigue of metals is a paper on “ Fatigue Testing in Tension 
of Galvanised Wire,” which presents results of tests made 


to determine the limiting ranges of pulsating tensile stresses 
which permitted ten million applications of the pulsating 
stress without failure, at various values of mean tensile 





stress, on heat-treated and on cold-drawn galvanized 
steel wire 0-193 in. in diameter. The tests were made on 
the Haigh alternating stress testing machine set up to 
subject the specimens to tensile stresses only. A special 
device for gripping the specimens to eliminate fractures in 
the grips is described. Another paper deals with * The 
Fatigue Properties of Light Metals and Alloys,” in which 
the author discusses the various types of fatigue tests made 
on light metals and alloys, and describes a new design of 
direct tension-compression fatigue machine and the high- 
speed vibrating-wire type. Considerable fatigue data for 
nearly all the commercial light alloys of aluminium are given, 
beth wrought and cast, and for several magnesium-base 
alloys, as well as a discussion of the relation between 
endurance limit and tensile strength. 

Structural aluminium is receiving considerable attention 
in modern designing, and a paper on * Corrosion Resistance 
of Structural Aluminium ” will prove of much interest. It 
presents results of comparative corrosion tests of structural 
aluminium and structural steel. The author emphasises, 
however, that the corrosion resistance of the structural 
aluminium is probably not sufficiently better than that of 
structural steel to justify recommendation that the 
structural aluminium can be used without paint protection 
under all conditions of exposure. 

The results of tests on certain bearing alloys at elevated 
temperatures are given in two papers; one showing the 
effects of adding lead in quantities up to 14% on the 
Brinell hardness of tin-base alloys, and the other giving 
data on white metal-bearing alloys, including Rockwell 
hardness at room temperature: microcharacter deter- 
minations of hardness of various phases in the alloys (room 
temperature); Brinell hardness at 75° F., 212° F., 392° F., 
and 572° F.: compressive strength, tensile strength, 
elongation and reduction of area obtained over a range of 
temperature ; and comparative service tests made upon 
two alloys using a motor block driving an electric generator. 

It is of interest to note that the Edgar Marburg lecture, 
to be:delivered at the seventh session, will be the first to 
be delivered by a scientist from abroad. This honour has 
been conferred upon Dr. H. J. Gough, of the National 
Physical Laboratory, because of the important work he is 
doing and his standing in the scientific world. The title 
chosen for this lecture is ** Crystalline Structure in Relation 
to Failure of Metals, Especially by Fatigue.” Dr. Gough 
will discuss the mechanical properties of metals in relation 
to their crystalline structure. A consideration will be given 
to the difficulties of deriving knowledge of the nature of the 
ultimate cohesive forces, analytically, from the results of 
tests on materials ; the tendency of all atoms, even of the 
most complex kinds, to group into regular assemblages ; 
the mechanical properties of single crystals ; the importance 
to fundamental theory of the elastic constants; an 
extensive investigation into the fatigue characteristics of 
single crystals; and X-ray evidence on the nature of 
hardening. 

A noteworthy contribution at this meeting is a paper 
entitled ‘‘ Planning for Collection of Standardisation Data,” 
in which the author discusses the question of planning 
experimental work so as to lead to results capable of 
statistical treatment and shows, by several examples, the 
details of carrying out specific engineering investigations 
leading to standardisation. For example, the methods 
used to determine the contact resistance of brass under 
specific conditions is described in detail. This example 
and several others are careiully detailed as to the planning 
of the investigation, the results obtained and the statistical 
methods employed. 
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NEW TYPE OF AUTOMATIC 
CENTRIFUGAL MACHINE. 
Tie Soviet Union is giving considerable attention to 


the building of new concentrating factories, with a 

view to the reduction of ores not formerly used in 
the services of the country. Such an example is the 
Khibinogorsk apatite factory, which is claimed to have 
an annual output capacity of 360,000 tons of concentrates. 
Before subjecting these concentrates to treatment, it is 
necessary to remove the water they contain. At present 
this operation is done mostly by vacuum filters, which use 
much power and which are rather inefficient, since the 
pressure on the surface of the filtering cloth slows up 
action and limits the output. 

Centrifugal machines, in which the centrifugal force 
generated by the drum presses the concentrate against the 
wall of the drum covered with cloth, and thus squeezes 
the water from it, are theoretically much more efficient. 
The pressure to which the cloth can be subjected is limited 
only by the radius of the drum and the speed of its rotation. 
At present the use of centrifugal machines is confined to 
graphite and other materials too heavy for the vacuum 
filter to handle. The reason for this is the necessity of 
stopping the drum very often to unload material by hand ; 
every unloading takes seven to ten minutes, and the output 
is therefore very small. 

Several types of centrifugal machines with mechanical 
unloading have been designed in different countries, but 
few are in use. Particles of the material treated stick to the 
cloth, so that very soon it loses its water-separating pro- 
perties. It is of interest to note, however, that two Soviet 
engineers of the Leningrad ore-dressing station—Messrs. 
Abramovitch and Regmer—have invented a new type of 
centrifugal machine which has few of the defects associated 
with other machines, and in which unloading of the material 
and cleaning of the cloth are done automatically, without 
suspending the action of the machine. 

In this type of machine the drum is conical, and is 
supplied with a cover which prevents the material from 
being thrown out before its time by the centrifugal force. 
It is enough to remove this cover to unload the material. 

Cleaning of the cloth is more intricate. Usually the cloth 
covers the side walls of the drum, but instead of being 
fastened to its bottom, it is fastened to a special dise above 
the bottom. In order to clean the cloth, this disc is lifted 
by a rod and the cloth is turned inside out. During this 
operation particles that have stuck to the cloth are removed 
by the centrifugal force, while the conical shape of the drum 
prevents the cloth from excessive wear and tear. 

Mr. Abramovitch, one of the inventors, in an interview, 
stated that owing to the pressure to which the cloth can 
be subjected, the output of the new machine is twenty 
times higher than that of a vacuum filter with an equal 
surface of cloth, while the consumption of power is thirty 
times less. The new machine is to be installed in all the new 
concentrating factories, and will probably replace vacuum 
filters in existing factories. 


Personal. 


Messrs. Craven Bros. (Manchester), Ltd., we understand, 
have completed arrangements under which Messrs. A. C. 
Wickman, Ltd., Coventry, will be responsible for the sale in 
the whole of Great Britain, Northern Ireland, and the Irish 
Free State, ot the range of ‘‘ Craven-Rigid ’’ milling machines 
and a number of other special duty high-production machines 
for the manufacture of motor-car components, etc. Messrs. 
A. C. Wickman, Ltd., will be responsible for sales, and Craven 
Bros. will be responsible for design, manufacture, and service. 

We are informed by The Patent Gear & Metal Hardening 
Co. Ltd., 69, Horseferry Road, Westminster, London, S.W. 1., 
that this Company has just completed an arrangement with 
the I. G. Farbenindustrie Aktiengesellschaft, Frankfurt, Main, 
Germany, for the use of the ** Shorter’’ process in most of 
the Continental countries 
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Some Metallurgical Aspects of Stainless 
Steel Welding. 


(Continued from page 40.) 


A weld in Weldanka is shown in Fig. 12, and a high 
magnification photograph of a molybdenum variety is 
shown in Fig. 13. It will be noticed that some of these 
steels contain ferrite in addition to austenite and carbide, 
and are consequently slightly magnetic. The mechanical 
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Fig. 13.—-Molybdenum modification. Ce = 18-4% ; 


NI = 8%; Mo= 4-1%; C—O 0-19% ; Si = 0-17%. 
Consists of matrix of austenite with globular carbide 
e and islands of ferrite. 


properties of these alloys do not differ widely from the 
parent alloys, but they are more expensive both to manu- 
facture and to fabricate than the plain austenitic steels. 
Fortunately, the two commercial varieties mentioned 
above do not require heat-treatment after weiding.* 

The development of these latter steels is still in its 
infancy, but already they are solving many of the difficult 
corrosion problems of the chemical engineers. No one form 
of steel can be regarded as being of universal application, 
hence the more expensive varieties are only likely to be 
employed where their special properties can be used to 
advantage. 


Scottish Trade Ship. 


It is proposed to send an exhibition ship to Scandinavian 
and Baltic ports on a trade mission. The Glasgow Chamber of 
Commerce and Manufacturers is responsible for the scheme, 
the object of which is the promotion of trade in Scottish 
goods with the Scandinavian countries. The scheme is 
opportune in view of commercial agreements signed with 
Denmark, Norway, and Sweden, and arrangements with 
Finland. Since the imposition of import duties in this country 
the Scandinavian Governments have been desirous of a closer 
relationship with Great Britain, and for some time efforts have 
been made to buy from the United Kingdom as large a pro- 
portion of their imports as possible. 

British purchases from these countries are very considerable, 
and exceed in value the goods exported to the Scandinavian 
countries. Purchases from Norway, for instance, are normally 
twice as great as those of any other country, while more than 
a quarter of Sweden’s total exports are imported into the 
United Kingdom, and it is felt that greater reciprocity in 
trading operations is desirable. 

The trade ship is expected to leave Glasgow about the 
middle of August, and will return about a month later after 
calling at Bergen, Oslo, Gothenburg, Aarhus, Copenhagen, 
Stockholm, and Helsingfors. Its stay at each of these ports 
will be about two or three days, and the visit to the Finnish 
capital is being arranged to coincide with the ‘‘ British Week ” 
to be held in Finland. 


* For detailed results see E. C. Rollason, * Intergranular Co: rosion 
of the 18/8 Stainless Steels.’ Jron and Steel Institute. Advance 
copy No, 12, May 1933. 
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Recent Developments in Tools 
and Equipment 


BLAST-FURNACE GAS FIRING. 
Efficient Blowers are Essential. 

T is more or less the general opinion that gaseous 

fuel is so much more efficient than coal, coke, or 

other solid material, especially as regards steam 
generation, that almost any type of gas burner is suitable. 
This, however, is a complete fallacy, and just as much 
care is required to secure efficient equipment for gas 
burning as in the case of coal. 











*‘Gako”’ Burners of the multiple jet type for blast- 


furnace gas and coke oven gas, for water tube 
boilers, and general industrial furnace settings. 


For example, one of the inherent disadvantages of all 
gas firing is the difficulty, by ordinary methods, of mixing 
the gas with the requisite amount of air to the intimate 
degree necessary to ensure complete combustion. 

So far as the iron and steel industries are concerned, the 
efficient use of blast-furnace gas—as well as of coke-oven 
gas—for steam generation is of primary importance. 

Thus, for example, it is quite common practice for 
‘* Lancashire ”’ boilers, fitted with superheaters and fired 
by blast-furnace gas, to be operating at only 50-65% 
thermal efficiency, whereas under good conditions 80%, 
or even over can be obtained. The main reason is inferior 
burners, with insufficient mixing of the air and gas 
within the time allowed, and therefore escape of partly 
burnt products. 

In this connection great interest attaches to the *‘ Gako ” 
burners supplied by Liptak Furnace Arches, Ltd., 38, 
Victoria Street, London, 8.W.1, which will give 80% 
efficiency with blast-furnace gas on * Lancashire ”’ boilers. 
These burners, representing a most extensive experience, 
are supplied in a considerable number of modifications to 
suit the particular conditions, such as for blast-furnace 
gas only, coke-oven gas only, mixed blast-furnace and coke- 
oven gas, and any other mixture of gases, whether high or 
low grade, while also pulverised fuel or oil can be used, 
either alone or mixed with gas. Further, the particular 
design of burner supplied depends upon the conditions— 
that is, the type of metallurgical furnace setting, or whether 
‘Lancashire ’’ or water-tube boilers are used. 

The basic principle is the inlet of the gas and air to the 
burner in separate streams which, by the construction of the 
passages, are each given a whirling or twisting motion, 
resulting in an immediate efficient mixing when the 
respective streams impinge into one another, enabling 
combustion to be completed with a short flame. No moving 
parts are used, and the burner is completely accessible by 
opening a hinged door, with control of the air admission 
by a regulator, while dust and grit have little deleterious 
effect, so that if necessary dirty blast-furnace gas can be 
used direct. 










«Gako”’ Burner of the “ 
furnace gas firiug of ** Lancashire” 


Two of the main types of the burner are the “ multiple 
jet’ and the “whirling” designs. The latter is par- 
ticularly suited for the burning of blast-furnace gas and 
coke-oven gas on “ Lancashire ”’ boilers, consisting of one 
large burner fitted in the centre of the furnace tube with a 
series of separately controlled inlet apertures for the gas 
and air, the latter being at atmospheric pressure only. 
The “ multiple jet” design is intended for water-tube 
boilers and general metallurgical furnace settings, consisting 
of a composite burner. This is built up of a large number 
of different jets 
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Typical results 
with ‘ Gako” 
burners of the 
“ whirling ” type 
on a “ Lancashire”’ boiler 30ft. by 8 ft., burning 
blast-furnace gas at a steel works, showed a thermal 
efficiency of 79.0—-80.8°%, for the boiler and superheater only, 
running at 85 lb. pressure without feed-water economisers. 
The evaporation averaged 5,284—5,932 lb. of water per hour 
at 157° F. burning 1,427,500—-1,740,480 cub. ft. of blast- 
furnace gas per hour (calculated as 750mm. and 0° C.), 
corresponding to 80.0-82.0 lb. of water evaporated per 


whirling” type for blast- 
boilers, and 


also coke oven gas. 


boiler fitted for firing with blast-furnace gas. 
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1,000 cub. ft. of cleaned gas, of an average quality of 
100 B.th.u. per cubic foot. 

It may be stated also that the previous simple type of 
burner used, representative of much blast-furnace gas 
firing, required approximately 1,700,000—2,230,000 cub. ft. 
of gas per hour for the same evaporation, and the plant 
operated at 62.8-65°%, thermal efficiency, a striking example 
of the value of efficient burner design. 


A MOLYBDENUM-TITANIUM-CARBIDE 
CUTTING MATERIAL. 


YTALLURGICALLY, one of the most interesting 
M contributions to engineering during recent years 

is the introduction of super-cutting materials. 
These materials have done much to solve machining pro- 
blems and have led to the more general adoption of alloys 
for special purposes that formerly presented machining 
difficulties. They have also assisted in the application of 
new alloys developed from time to time in providing 
necessary facilities for dealing with them and in giving 
parts the desired finish. While new alloys may possess 
special properties that are desirable for certain uses, unless 
they can be fabricated and machined economically, their 
application is bound to be curtailed. In addition to 
facilitating the use of the newer alloys developed for high- 
duty purposes these super-cutting materials have made 
possible faster cutting and have been instrumental in 
reducing machining costs, particularly in regard to work 
of a repetition character. 

These super-cutting materials are available under 
several trade names and vary somewhat in their com- 
position. They include the tungsten- and _ tantalum- 
carbides, both types of which have been applied to machin- 
ing problems with remarkable success, and, though nor- 
mally it takes a long time before a new development of this 
kind receives proper support, in a comparatively short 
time since their inception, they have had a tremendous 
influence on production costs which has led to many 
economic advantages. When properly applied on materials 
for which they are best suited, they have permitted greater 
outputs per machine per day. 

A recent addition to these materials is a molybdenum- 
titanium-carbide known as * Cutanit,”” which is claimed 
to mark a further advance in cutting capacity and per- 
formance for carbide-tipped tools, and, according to results 
so far achieved, is setting new standards of efficient pro- 
duction. As with tungsten- and tantalum carbides, the 
components of this materia], which are of high purity, are 
carburised in powder form. The mixture is ball-milled, and 
subsequently pressed into a blank or desired shape in the 
cold state. A blank formed in this way may be given a 
heat-treatment which provides sufficient cohesion to enable 
it to be cut to any desired shape. When finally shaped, to 
conform to requirements for a particular tool, the material 
is sintered at a very high temperature, usually in a hydrogen 
flame, which produces the carbide shape ready for applica- 
tion to the tool. 

The specific gravity of this new material is much lower 
than other carbide materials of this character, yet when 
cutting it generates less heat than other cutting materials. 
It has a Rockwell hardness of 83-85 on the 100 K.G. scale, 
and possesses the ability to resist oxidation up to 900° C, 

This material has been subjected to very extensive and 
exhaustive tests for some considerable time, and the 
results so far achieved apparently indicate that its cvpa- 
bilities are far in advance of anything obtained with other 
cutting materials. It has been tested on a wide range of 
materials, and some brief details of results from experi- 
mental work will show its remarkable cutting capacity 
on various steels. 

Two complete shafts were machined from a 00-35% 
carbon steel bar, 8 in. diameter, 8 ft. 6 in. long, with a feed 
of 0-05 in. and a cut } in. deep, a cutting speed of 1,200 ft. 
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per min. being used. The machine employed was a heavy 
modern express lathe with a 35-h.p. motor capable of 50%, 
overload. The rate of metal removal in this instance was 
135 cub. in. per min., and on the completion of the test 
the edge of the tool remained in good condition. An 80-ton 
cobalt magnet steel was machined in the “as cast” state 
for 1} hours at a speed of 164 ft. per min., with a feed of 
0-008 in. and a cut 06-0625 in. deep before regrinding was 
necessary. A 67-ton tungsten magnet steel was machined 
under similar conditions for 2 hours before regrinding ; 
while a 73-ton nickel chrome steel was machined at 63 ft. 
per min. with a feed of 0-03 in. and a cut 0-39 in. deep 
for 2} hours before the tool required attention. Applied 
to production work in the manufacture of electric motors, 
the machining time for an armature shaft of 32-38 ton steel 
has been reduced to 16 secs. at 885 it. per min. cutting 
speed. 

It has been found in actual use that the best results 
from Cutanit are obtained by substantially increasing the 
speed at which the cut is taken and employing a moderately 
fine feed. By adopting this method not only is a greater 
amount of metal removed per hour, but a very high-class 
finish is obtained ; in fact, it is claimed that in many cases 
the brilliant finish produced by the tool at high speeds 
renders it unnecessary for a second operation—that is, the 
roughing and finishing are done at one pass. During 
investigations made in connection with the finish obtained 
with Cutanit, powerful microscopic tests have shown that 
the maximum depth of the grooves left by the Cutanit tool 
are less than half the depth of grooves left by good normai 
grinding. 

The tests have shown that this cutting material has a 
relatively lgw power consumption, and this has been 
accounted for by the lower friction between the chip and 
the top of the tip. Another factor which contributes is the 
high resistance offered to the cratering effect on the tool, 
which usually occurs when high duty cutting over an 
extended period is carried out. Corresponding results 
have been obtained with this material on various non- 
ferrous metals, and owing to its capacity to resist the 
abrasive action of the skin of these metals, it has proved 
very successful. It has also been used for machining non- 
metallic materials such as bakelite, glass, porcelain, marble, 
granite, cement, various kinds of stone, and many hard- 
woods, such as ebony, lignum vitae, etc., and the results 
are equally satisfactory. 

As a result of these tests, it is confidently asserted that 
in the machining of the various aluminium alloys this 
material provides an opportunity for speeding up produc- 
tion, since, with correctly designed cutter heads and 
spindles and commensurate feeds and speeds for the work, 
cutting speeds up to 7,000 ft. per min. are quite practicable. 

To ensure the high rates of production possible with this 
cutting material, not only is it necessary to prepare the 
tipped tool to suit the particular metal or alloy to be 
machined, but it is essential to use suitable machines. They 
must be of robust construction, with ample power available 
for driving ; they must be so designed that the tool slides 
are perfectly rigid, the spindle free from chatter, and 
capable of high speeds. 

This new cutting material is manufactured by Mctro- 
politan-Vickers Electrical Co., Ltd., for Cutanit, Ltd., and 
the sole selling agent in Great Britain and Ireland for cutting 
tools tipped with this material is George Richards and Co., 
Ltd., Broadheath, near Manchester. 


Dnieper Electrode Works. 


The electrode plant of the Dnieper Aluminium Combine is 
shortly to be put into operation. The gas generating depart- 
ment has been completed, and all the machinery is assembled. 
The building of the ferro-alloy plant is also proceeding rapidly 
The steel plant, which is already operating, has turned out 
5,000 tons of high grade steel. Four electric furnaces are 
operating and additional furnaces are being installed. 
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he Institution of Gas Engineers 


Annual General Meeting at Liverpool. 


HE annual general meeting of the Institution of Gas 

Engineers always attracts considerable attention, 

and the recent meeting held at Liverpool proved 
to be no exception to the general rule. In his presidential 
address, Mr. R. E. Gibson, M.Inst., C.E., M.Inst.Gas E., 
who is chief engineer of Liverpool Gas Co., stated that coal 
is our greatest national asset, but the supply. is not in- 
exhaustible. We are using up our national resources of 
coal at a rapid rate. Any processes by which coal can be 
made to go farther, by reason of greater efficiency in use, 
are worthy of the most careful attention. The gas-works 
process can show a higher efficiency than any other process 
for the conversion of coal into heat units. But the con- 
servation of coal is not a popular subject to-day with the 
coal industry, which fears that the efficient gas-works 
process is detrimental to the coal trade. This is a short- 
sighted view. The scientific use of coal by means of car- 
bonisation is bound to extend. Great advantages are 
gained from the use of gaseous fuel, and valuable by- 
products are recovered. Gas gives more effective heat 
control, saves transport, reduces wear and tear on the roads, 
and abolishes the smoke nuisance. 

Several papers were presented at technical sessions; 
and mention may be made of that by Mr. A. H. Barker 
on the field of expansion for gas industry, in which he 
referred particularly to heating buildings. In making a 
comparison between oil and gas as a boiler fuel, he said 
there can be no question that oil has come to stay, and 
that it is now, and is likely to remain, much cheaper than 
gas. It is not conspicuously inferior to gas in the amount 
of day-to-day attention needed, though it is much less 
reliable. Oil has to be delivered by road; it must be 
stored on the premises : atomisation by electrical power 
is necessary before it can be burnt effectively ; and it is 
much more liable to break down. It is also liable to smell 
and smoke if not well burnt. On the other: hand, gas is 
delivered automatically, as required, is ready to burn, and 
there is no storage of fuel required on the premises. 

Interesting figures showing the economical use of gas were 
given by Mr. J. E. White, of the Newcastle and Gateshead 
Gas Co. He stated that contrary to the general opinion, 
town’s gas is showing considerable savings over coal and 
producer gas in such heavy work as rolling-mill furnaces 
and heavy forging furnaces, as well as in the lighter work, 
such as heat-treatment. One of the main reasons put 
forward for this development in the Newcastle area was 
the establishment by the gas company of an industrial 
section staffed with engineers capable of advising con- 
sumers on the various industrial applications of gas, and 
given facilities for carrying out experimental work, both 
in the Company’s laboratories and on the consumers’ 
premises. The other was the institution of a rational 
two-part tariff, which enabled industrial consumers to 
obtain large supplies of gas at much reduced rates. 

Large installations of gas-fired carburising and general 


heat-treatment furnaces at the works of Sir W. G. 
Armstrong Whitworth and Co., Ltd., and _ Vickers 
Armstrong, Ltd., were described. One’ used for heat- 


treating the new light-weight high-pressure cylinders used 
in compressed gas-driven vehicles was of particular interest, 
as it was so well insulated that after shutting down at noon 
on Friday at a temperature of 1,180° C., on the following 
Wednesday morning its temperature was still over 300° C, 

Mr. White also referred to the economical use of oxy- 
coal-gas cutting appliances to replace oxy-acetylene. The 
results of tests taken under identical conditions and on 
the same type of steel plate show considerable savings for 
The figures given indicate that on a basis that 


coal gas. 





oxygen costs 18d., acetylene 39d., and gas 3.3d. per 100 
cubic feet (6-6d. per therm), the cost of cutting 27 ft. 6 in. 
of in. rusty ship’s plate is, with oxy-acetylene cutting 
14-34d., and with oxy-coal-gas cutting only 8- 16d. 

In view of the interest which has been aroused in recent 
years by the electrical supply “ Grid ’’ and by the various 
schemes in this country and abroad for long-distance gas 
supply from large central stations, many important facts 
were brought to light at the recent conference of the 
Institution of Gas Engineers at Liverpool. A paper was 
read by Mr. R. W. Hunter, of the Gas Light and Coke Co., 
on the new coke-oven plant erected a little over a year 
ago at their Beckton works; and Mr. George Evetts, of 
the Imperial Continental Gas Association, read another 
paper on his company’s Pont Brulé coke-oven plant, which 
was built about two years ago to supply gas to a high- 
pressure distribution system running almost the whole 
length of Belgium, and supplying, amongst other towns, 
Antwerp, Brussels, Mons, and Tertre. 

The installation at Beckton is the only coke-oven plant 
operated by a gas undertaking in this country, though 
they are comparatively common in America. The through- 
put of this plant is 1,200 tons of coal a day, and this is 
reckoned to be the smallest economical size of modern 
coke-oven plant. The proposition could, therefore, in any 
event, be of interest only to about eight of the largest 
gas undertakings in the country. No immediate material 
reduction in the cost of gas manufacture was expected to 
result from the use of the present installation, and manu- 
facturing costs have proved to be about 2% higher than 
those with continuous vertical retorts (in which 60% of the 
gas is made in this country). The experimental results 
obtained from the plant are, however, of the utmost value, 
and it has been so designed that it can be subsequently 
enlarged up to four times its present capacity at materially 
less than three times the cost of the present installation. 
The effect of this will be to reduce the cost of gas from the 
enlarged plant. Further, an improved market for the 
dense type of coke produced will result in considerable 
reduction in the cost of gas. 

This paper establishes the fact that no saving is to be 
expected in this country from the erection of super gas- 
works on the lines of the super power stations feeding the 
electrical grid. This conclusion has, of course, no reference 
to the disposal of surplus coke-oven gas, as is done in the 
Yorkshire gas grid, or to the substitution of bulk supply 
for the very small gasworks in small towns and villages 
within reasonable distance of large towns. Nor does it 
affect the obvious desirability of vesting the control of 
many of the small gas undertakings in a limited number of 
large units. 

The plant described in Mr. Evetts’ paper operates under 
very different economic conditions. In Belgium most of 
the houses have closed stoves instead of the English type 
of open grate. Oven coke is very suitable for these, and 
therefore commands a higher price than in England, where 
for open grates and small domestic boilers a lighter coke is 
required. In Belgium a company known as Distrigaz, 
operates the grid which stretches from Hoboken in the 
north to Tertre and Monceau in the south, buying gas from 
the Pont Brulé works as well as from several coke-oven 
plants, which are primarily coke producers or concerned 
in the manufacture of synthetic nitrogen products. Dis- 
trigaz then reseils to the individual consumers, most of 
which are gas undertakings. 

It is noteworthy that the contracts for most of the plant 
for the Pont Brulé works were placed with English firms, 
though the raw materials were bought for the most part 
locally. 
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Some Recent Contracts. 


Work schemes to cost £124,000 were announced at a recent 
meeting of the North Yorkshire County Council at Northaller- 
ton. The work will include the building of a road and bridge 
at Sleights, near Whitby, to cost £77,650, and the completion 
of the Middlesbrough-Redcar trunk road, estimated to cost 
£44,000, and other minor road and bridge work. 


The Carmarthenshire County Council have adopted a 
scheme providing for a new high level bridge over the river 
Towy at Carmarthen, estimated to cost £91,000. It is hoped 
later to carry out a road-widening scheme, which will increase 
the expenditure to about £125,000. 


Royal Mail Lines, Ltd., have decided to re-condition and 
speed up their liners Asturies and Alcantara. The power of 
each vessel is to be increased, and the lines of the hulls modified. 
It has been decided to install geared turbine machinery and 
use steam from high-pressure water-tube boilers. This 
important contract has been secured by the builders of the 
vessels, Harland and Wolff, Ltd., and the work will be carried 
out at Belfast 


Fairfield Shipbuilding and Eng. Co., Ltd., of Govan, and 
William Denny and Brothers, Ltd., of Dumbarton, have each 
been awarded a contract for a paddle steamship by the London 
Midland and Scottish Railway Co. All the modern improve- 
ments which have been features of recent additions to the Clyde 
coast fleet of the L.M.S. will be incorporated in the general 
design of these vessels 


Messrs. Clough, Smith and Co., Ltd., 36, Victoria Street, 
London, 8.W.1, have been awarded a contract for the con- 
version of the overhead equipment for trolley-bus operation 
of the Bateman Street and Midland Road sections of the Derby 
Corporation tramway system 


The announcement by the Chancellor of the Exchequer of 
the exemption of coastwise shipping from the operations of the 
new oil-fuel tax has caused Coast Lines, Ltd., of London and 
Liverpool, and F. T. Everard and Sons, Ltd., of Great Tower 
Street, London, to carry out their previous intensions. Henry 
Robb, Ltd., of Leith, and the Ardrossan Dockyards, Ltd., have 
been asked to proceed with the orders placed with them for a 
1,400-ton Diesel-engined vessel and a 450-ton motor coaster 
respectively for Coast Lines, Ltd., while the cancellation of the 
preliminary arrangements with George Brown and Co., of 
Greenock, entered into by F. T. Everard and Sons, Ltd., for 
two 800-ton oil-driven coasters, has been withdrawn. 


We understand that an order has been placed with Henry 
Robb, Ltd., Leith, for a twin-screw steamer to be used as a 
tug at Calcutta by the East Bengal River Steam Service, Ltd. 
The vessel will be fitted with two sets of triple expansion 
engines, capable of developing 1,000 h.p. 


The India Store Department have recently placed the 
following contracts: Two breakdown cranes to Cowans, 
Sheldon and Co., Ltd., of Carlisle ; steel tyres to the value of 
£3,445, divided between H. J. Sketton and Co., Ltd., and 
Mr. E. Niemeyer. 


Tangyes, Ltd., Cornwall Works, Birmingham, have secured 
an order for a large hydraulic press, together with pressure 
pumps and other incidental equipment, forming part of a 
large contract to be erected in this country. 


J. J. Saville and Co., Ltd., of Sheffield, have received an 
order for steel files from the Egyptian State Railways adminis- 
tration. The approximate value of this order is £856. 


Richard Dunston, Ltd., of Thorne, Yorkshire, have received 
an order from the Leeds Industrial Co-operative Society's 
coal department for a steel canal barge. 
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The British Mannesmann Tube Co., Ltd., of Newport, 
have secured an order tor lap-welded steel pipes for the Rand 
Water Board in South Africa. The order comprises 40,000 ft. 
of 24-in. dia. by }-in. pipe, and 36,000 ft. of 16-in. dia. by 
}-in. pipe. The plates will be manufactured at the works of 
the British Iron and Steel Co., Ltd. 


Davy Brothers, Ltd., of Sheffield, have just recently been 
entrusted with the execution of an important contract for a 
large works in Poland—namely, the Towarzystwo Stara- 
chowickich Zakladow Gorniczych S.A. This order comprises 
a high-speed forging press of 2,000 tons power operated by air- 
hydraulic intensifier (‘“ Davy ’’ Patent system), arranged for 
working also at 1,000 tons power, and with large baseplate 
extension for hollow forging work. In addition, the press is to 
be equipped for certain piercing operations, and will represent 
the latest design of press for general forging work. 





Messrs. Wigham, Richardson, Ltd., Wallsend-on-Tyne, have. 
we understand, secured an important contract for repairs on 
the large whale oil refinery Vikingen, owned by the South 
Sea Chartering Co., Ltd. The vessel, which has been laid 
up at Sandefjord since May, 1931, is of 12,639 gross tonnage. 


Catalogues and Other Publications. 


A rather unusual form of booklet has been received from 
the Publicity Department of Shell-Mex and B.P., Ltd., 
Shell-Mex House, London, W.C.2. It contains six coloured 
plates, so arranged that the familiar and unfamiliar parts of 
the modern motor-car are clearly exposed. They are prepared 
similar to illustrations of the human body shown in medical 
books, and enable readers to visualise the interior construction 
of the motor-car’and of learning the reason why the amazing 
delicate yet accurate mechanism makes motoring worth while 
to-day. This fascinating and instructive publication, under 
the title of ‘‘ The Modern Motor-car,’’ should be in the posses- 
sion of all motoring readers ; it can be secured free by sending 
a postcard to the above address, mentioning this journal. 





The British Oxygen Co., Ltd., Angel Road, Edmonton, 
London, N. 18, have recently issued a brochure dealing with 
equipment which utilises the lesser-known air-acetylene, air- 
hydrogen, air-coal gas, and oxy-coal gas systems. Although 
certain items of this range have been published previously, 
new equipment is referred to for the first time. Information 
is also given which indicates what this Con pany can do to 
meet special blowpipe requirements of any particular trade. 


Henry Wiggin and Co., Ltd., Thames House, Millbank, 
London, 8.W. 1, have issued two pamphlets, one which deals 
with Monel-metal electrodes for welding cast iron, and the 
other information based on a paper by R. Worthington in 
which he dealt with Monel-metal bolts. In each case the 
information given is of a useful character and suitable for 
filing. 

Potentiometer pyrometers are favoured for many applica- 
tions requiring maximum accuracy. When first developed 
they were not well adapted to conditions of service in the 
shops, but developments in design and construction since 
then enable them to be depended upon to maintain avcuracy 
adjacent to the furnace or wherever they may be required. 
Many outstanding features are incorporated in the Brown 
potentiometer pyrometer which are now being assembled in 
London, with certain parts of British manufacture. Lovick 
Johnson Company, 125, Balham High Road, London, S8.W. 12, 
have sent us a descriptive folder of this pyrometer, a copy of 
which will be sent on request. 

We have received a copy of a new brochure from Sir W. G. 
Armstrong, Whitworth and Co. (Engineers), Ltd., dealing with 
Armstrong, Whitworth Diesel Shunting Locon otives. It 
discusses briefly the factors to be considered in the selection 
of a locomotive for shunting purposes ; technical information 
is given regarding track resistance, and working costs of Diesel 
locomotive is discussed. Brief specifications are also given, 
the brochure being prepared to supply information of a 
practical character on this type of labour-saving unit. 
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Some Recent Inventions. 


The date given at the end of an abridgement is the date of 
the acceptance of the complete Specification. Copies of Speci- 
fications may be obtained at the Patent Office, Sale Branch, 
25, Southampton Buildings, London, W.C. 2, at 1/— each. 


Tap-hole Stopping Machine. 


TAP-HOLE stopping machines of the piston type have been 
provided with devices to prevent the stopping being forced 
back by the suction of the return stroke or the pressure in 
the blast-furnace. With a stopping machine in which the 
stopping is transferred by pressure from a storage con- 
tainer through an opening into the filling space and from 
this by piston pressure to the tap-hole, the piston pressure 
has been arranged to close the opening, with the result 
that the blast-furnace pressure does not force back the 
stopping, and even on the return stroke of the piston 
sufficient resistance to the pressure is obtained. 


B 


A 
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In operation the valve is so set that when the piston A, 
which operates the gun piston, reaches the limit of its 
forward stroke, compressed air passes from the cylinder 
to the casing to effect closing of the valve. The latter 
is opened when the piston reaches the fully retracted 
position, by manual reversal of the valve H. 
387,204. J. Danco, W. DIENENTHAL, and O. DIENENTHAL 
(trading as Dango and Dienenthal), of Siegen, West- 
phalia, Germany. February 2, 1933. 


Increasing the Wearing Properties of 
Steel Rails. 


Ir is generally known that chromium increases the wearing 
properties of steel, but, at the same time, induces self- 
hardening properties. Manganese additions act similarly 
in the latter respect. Although the wearing properties of a 
rail will be increased if the steel contains chromium, 
brittleness is likely to be introduced unless a method of 
cooling is adopted which guards 
against this. Manganese helps to 
counteract this tendency to brittle- 
ness, and coupled with regulated 
cooling through the critical range 
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rails can be produced not only with 
improved wearing qualities, but 
possessing a greater factor of safety 
as indizated by the tap test. 











H 


Fig. FE. 


G | If a _ multiple 
evlinder machine 
of this type is to 
he converted into a 

F single cylinder ma- 
chine no difficulty 
is presented in dis- 
carding the storage 
container with its 
accessories and in- 
serting the original 
filling cylinder and 
the nozzle or slide 
valve, but should 
the criginal storage 

container be retained in order to serve as the stopping 

evlinder, the conversion is more important because the 
suspension tackle and probably the guiding apparatus 
is fitted. For this cylinder a device has been developed 
which is in communication by a bend or lateral extension 
with an extrusion nozzle. The device is shown in Figs. | 
and 2, the former showing a part sectional side elevation 
of the stopping machine, and the latter a longitudinal 
section with the valve rotated 180° with respect to the 

position shown in Fig. 1. 

A pressure medium operates the piston A and drives 
the stopping piston B in the stopping cylinder. The 
stopping cylinder is provided with a charging hopper, and 
is in free communication through the bend C with the 
passage leading through the valve D and the nozzle E 
to the tap-hole of the blast-furnace. The valve is rotatable, 
and when it is moved from the position it occupies in Fig. 1, 
through 180°, as in Fig. 2, the bend is closed against the 
nozzle. The valve D may be operated by means of a hand- 
wheel or by the action of compressed air, supplied to the 
casing F, on a wing G, which is secured to the valve spindle 
and rotates between fixed stops. The compressed air 
connections open one on each side of a partition in the 
casing and extend to a four-way cock which has further 
connections to the cylinder and to atmosphere respectively. 
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Fig. 2. 





In the usual method of rail 
manufacture the practice is for rails 
to leave the rolls at a temperature 
of 900° to 1,000° C., which is well 
within the critical range, and to be 


cooled down on the hot bank, 
which, in many cases, is exposed to the weather. Such 
a method would produce extreme brittleness with a 


chromium steel of the following composition :— 


Chromium. 
0-3 to 0-9 


Manganese. 
0-80to 1-10 


Carbon. 
0-40 to 0-60 


Silicon Sulphur Phosphorus 
under under under 
0-3 0-05 0-05 


A method has been developed whereby the rate of cvoling 
through the critical range is retarded sufficiently to ensure 
the desired properties. This consists in passing the rails 
as they come from the rolls, through a specially constructed 
chamber on the hot bank. The temperature of this 
chamber should be about 600° C., and by correct chcize 
of size it is possible to have a sufficient namber of rails 
inside the chamber at one time to maintain the temperature 
at 600° C. without external heat and whilst maintaining a 
continuous movement forward of finished rails. 

This development is based on the use of alloy steel! 
compositions containing elements which induce air- 
hardening properties and consequent retardation of rate 
of grain growth through the critical range and which have 
not been hitherto considered suitable in steels for rail 
production. 

Experiments have shown that high resistance to shock, 
together with greatly increased resistance to wear and 
freedom from fissuring can be attained in alloy steels 
containing about 0-5°% of carbon, manganese less than 
the average percentage usually employed and preferably 
about 1°%,and one of more elements such as chromium, 
nickel, tungsten, molybdenum, silicon, and cobalt, the 
total amount of these elements being up to about 4%, 
providing the cooling conditions can be controlled to 
obviate brittleness and other harmful effects, and it is 
claimed that this is effected by subjecting the rails on 
rolling to the action of heat-conserving means in proximity 
to the delivery of the rolls with the aid of a removable or 
mobile cover place over the rails. 

387,395. Samuec Wuyte, Redhill, Surrey.—February 

9, 1933. 
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ALUMINIUM. 


98 99°; Purity . £100 


ANTIMONY. 
English. £35 0 Oto £40 
Chinese Ate gvakidia wk ee 
Crude 


BRASS. 
Solid Drawn Tubes 
Brazed Tubes 
Rods Drawn 
Wire , 
*Extruded Brass Bars 


COPPER. 


Standard Cash 
Electrolytic 
Best Selected 
Tough 

Sheets ‘ 
Wire Bars 
Ingot Bars ... 
Solid Drawn Tubes 
Brazed Tubes 


FERRO ALLOYS. 
tTungsten Metal Powder Ib. 
tFerro Tungsten . : 

Ferro Chrome, 60-70°, Chr 

Basis 60°, Chr. 2-ton 

lots or up 

2-4%, Carbon, scale 12 
per unit 

+-6%, Carbon, seale 


per unit 
8%, Carbon, scale 


NOMINAL 


per unit 
810%, Carbon, scale 
per unit 
§Ferro Chrome, Specially Re 
fined, broken in = small 
pieces for Cruc ible Steel 
work. Quantities of | ton 
or over. Basis 60°, Ch. 
Ciuar. max. 2°, Carbon, 
seale 11/0 per unit 
Guar. max. 1°, Carbon, 
scale 13/6 per unit 
SGuar. max, 0-7% Carbon, 
scale 15 per unit 
tManganese Metal 9%6—98°, 
Mn. eae 
'Metallic Chromium : 
§ Ferro-Vanadium 25-50°,.. 
) Spiegel 18-20% 
Ferro Silicon 
Basis 10%, scale 
per unit 
20 /30°,, basis 25°,, 
3/6 per unit 
$5 /50°, basis 45%, 
5 per unit 
70 /80°,, 
7 per unit 
90, 95° 


basis 75°; scale 


> basis 90°, scale 
10 per unit : 

§$ Silico Manganese 65/75°, 
Mn., basis 65°, Mn. 

§ Ferro - Carbon Titanium, 
15/18% Ti. + 

Ferro Phosphorus, 20-25°, 


FUELS. 
Foundry Coke 
S. Wales . 
Scotland 
Durham 
Furnace Coke 
Scotland 
S. Wales .. 0 16 
Durham ... 0 13 


* McKechnie Brothers, Ltd., quoted . 


Subject to Market fluctuations. 
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GUN METAL. 
*Admiralty Gunmetal Ingots 
(88: 10: 2) 
*Commercial Ingots 
*Gunmetal Bars, Tank brand, 
Lin. dia. and upwards. . lb. 
*Cored Bars 


Soft Foreign 
English 


MANUFACTURED IRON. 
Scotland 
Sai Bars, Best 
N.E. Coast 


Best Bars 

Common Bars 
Lancashire 

Crown Bars 

a eee £ 
Midlands 

Crown Bars... £9 15 0 to 

Pe Pe vacenease ewan 

Unmarked Bars........... 

Nut and Bolt 


10 Oto 


‘ 

Gas Strip 10 
S. Yorks 

Best Bars . 10 

Hoops £10 10 0 to 12 


PHOSPHOR BRONZE. 
*Bars, ** Tank” brand, 1 in. dia. 
and upwards —-Solid 
*Cored Bars 
tStrip 
tSheet to 
tWire 
tRods 
*Tubes 
Castings 
r10°%, Phos. Cop. £30 above 
f15°, Phos. Cop. £35 above B.S. 
+Phos. Tin (5°) £30 above English Ingots. 


PIG IRON. 
Scotland 
Hematite M/Nos. .......... 
Foundry No. | 
7" No, ¢ 
N.E. Coast 
Hematite No. 
Foundry No. 
No. : 
ii No, 
Silicon Lron 
Forge 
Midlands 
N. Staffs Forge No. 
- Foundry No, ¢ 
Northants 
Foundry No. | 
Forge No. 4.... 
Foundry No, 
Derbyshire Forge 
Foundry No. 
- Foundry No. : 
West Coast Hematite 
Kast 


SWEDISH CHARCOAL IRON 
AND STEEL. 
Kr. per English ton @ 18-16 to £1 
approximately. 
Pig Iron Kr. 90 
Billets Kr. 230-290 £12 13 4-£16 UO O 
Wire Rods Kr. 265-320 £14 12 6-£17 12 6 
Rolled Bars (dead soft) 
Kr. 185-210 £10 4 O-£11 11 OU 
Rolled Charcoal Iron Bars 
Kr. 290 16 0 0 
All per English ton, f.o.b. Gothenburg. 


SCRAP METAL. 


Aiuminium Cuttings 
Lead 
Heavy Steel 


Scotland 
Cleveland 
Cast Iron 
Midlands 
S. Wales 
Cleveland 
Steel Turnings 
Cleveland 
Midlands 
Cast Iron Borings 
Cleveland 
Scotland 


SPELTER. 
G.O.B. Official 


English 
India 


STEEL. 
Ship, Bridge, and Tank Plates 
Scotland 
North-East Coast 
Midlands 
Boiler Plates (Land), Scotland . . 
se (Marine) on +a 
(Land), N.E. Coast 10 
‘ (Marine) 
Angles, Scotland 
North-East Coast 
Midlands 


—— 
— 


Heavy Rails 
Fishplates 
Light Rails : 0 to 
Sheftield 
Siemens Acid Billets........ 
Hard Basic ....£8 2 6 and 
Medium Basic..£6 12 6 and 
Soft Basic 6 
Hoops errr re te £9 10 9 
Manchester 
0 O tp 10 
Scotland, Sheets 24 B.G....... 10 0 


HIGH SPEED TOOL STEEL. 


Finished Bars 14% Tungsten .. Ib. 2 


Finished Bars 18°, Tungsten .. ,, 2/9 
extras 

Round and Squares, § in. to } i 

Under jin. to jim. .......... 

Round and Squares 3 in. 

Flats under | in. 2 in. 


fin. x } 


Standard Cash 
English 
Australian 
Eastern 

Tin Plates I.C. 


English Sheets 25 0 0 
Rods ‘ 0 0 
ey Peer eee eee -- 
SS er eee 23 10 OU 


13. +. Clifford & Son, Ltd., quoted June 13. t Murex Limited, quoted June 13. 


S$ Prices quoted June 13, ex warehouse. 


Buyers are advised to send inquiries for current prices, 








